Mg
e

4

..
.

£y RA
)

ot

-

g,

-
By
s,

4’
L3

3
AN
"
Rt .
A

oY,

shown by e pobne B gl

TCR R TTEL RN

of known i Tt thee wese peeordes) on the wap i

that of the vriginal sl not of their meti=
worphism.

Colors and paticrns.—}ach formation is shown
on the map by a distinetive combination of color
and puttern, and is- labeled by a special letter
symbol.

Bymbols and colors assigned to the rock syslems.
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3 Porthary oo h
Cretaceous. . .| cooovrrenrmrnananes K | Olive green.
3 |
; Jurnaele cocorfirinananiiieiiiies 3 | Bluegreen.
: \
Trinmto. .o ooofscorenarinraraansans L] | TPeacwck blue.
| n )
Carbuniferons , Penmmylvandan o C | Wue
Mississipplan. . \
-3 Devonian. ... reeresessnnsacssanee] O | Wlnegray.
z Filurlan S | Wue purple.
: |
Ordovielan. . Rl purple.
kc.nlnhn. oes Brick-red.
Algonkian ... eresrerensenerans Brownish red.
Archean . ...oo|orieeiins ] Gray-brown,  *

Patterns composed of parallel straight lines are
used to represent sedimentary formations deposited
in the e or in lakes. Patterne of dots antl circles
represent alluvial, glacial, and eolian formations.
Patterns of triangles and rhombs are used for igne-
ous formations. Metamorphic rocks of unknown
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level, sl the sen iz theretore el the Dtwe=le 0ol
of crogion. When o Jarge trewet is for o lang time
undigturhed by uplift or subidency it s degmdeld
nearly 10 buse-level, and the even surfice thus
produced is culled 2 pencplain. If the tmet is
wlterwards uplifial the pencplain at the top is a
record of the former relation of the tract o sea level.
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Areal geology map.—This vup shows the urens | e 'f“"‘“"“*“'""
occupicd by the various formations.  On the mar- Fig. 8—8ymbls send b srtiol 0 represent different kinds
gin is a legend, which is the key to the mup. Tol

sscertain (he meaning of any colored pattern and
its letter symbol the
color, pattern, und symbol in the legend, where he
will find the name and deseription of the for-
mation. 11 it is desired to find any given forma-
tion, its name should be songht in the Jegend and

|

|

The platean in fig. 2 presents townnl the lower

reader should look for that land an escarpment, or fiont, which is wade up

of mandstones, forming the cliffs, and shales, consti-
tuting the slopes,
the section,

ersed by geveral ridges, which ure seen in the sce-

its color und pattern noted, when the arcas on the | tion to correspond to the outerops of a bed of sand-

map corresponding in color and pattern nmy be
truced out.

The logend isalo a partial statement of lhe)

Tu it the formations ane
in columnar form, grouped primarily acconding to
origin—scdimentary igneons,  and ervstulline
of unknown origin—amnd within each group they
w0 far as known, the

geologie history. armnged

ure placad in the onder of age,
youngust ut the top. .

FEeonomic geology mnp.—Tlﬁs map represents the
distribution of useful \minerals and rocks, showing
their relations to the topographic features and to
the geologic formutions. The formations which
appear on the areal geology map ure usually shown
on this map by fuinter color patterns. The aresl
geology, thus printed, affords a sabdued back-
ground upon "which the ureas of productive forma-
tions may be emphasized by strong eolors. A mine
symbol is printal at each mine or quarry, accom-
ponied by the name of the principal mineral
mined or stoue quarried.  For regions where there

|

stone thnt rises 10 the surfiee.
of this hed form the ridies, and the intermediate
valleys follow the outerops of limestone and calea-
reous shale.

Where the alzes of the strta appear al the
urfice their thickness can be measured and the
angles at which they dip Twdow the surfuce can be
olwervenl,  Thus their pesitions wnderground can
be infernad,  The dinection that the intersevtion of
a berl with a horizontal plane will ke i enllal
tho strike. The inclination of the bed to the hori-
zontal plane, measured at right angles to the strike,
is called the dip.

Strata are frequently curved in tronghs wnd
arches, such ag are sceu in fig. 2. T'he nrehes are
called anficlines and the tronghs synclines.  But
the sandstones, shales, and limextones were depos-
ited beneath the sea in nearly flat shects; that they
are now bent and folded is proof that forees have
from time to time cansed the aril's surface 1o
wrinkle along cettain zones. In plnees the stmta

The upturned edies | concise deseriptit

the Twzinning of depesition of the st of e
| vl set. Diring this intervnl the sehias snl-
fered metsmorpliizm they were the secne ol v
tive netivity; and they were decply croded. The
contuct between the second and third sels is another
unconformity; it marks u time interval Intween
two periods of rock formation.
The section and landscape in fiz. 2 are ideal, hut
! they illustrate relations which sctually occur. The
sections on the structunescetion sheet ure refated to
| the maps as the section in the figure is rebited to
the landseape.  The profile of the sarfirce in the
section corresponds 10 the actial slopes of the
ground along the setion line, aud the deptiv from

a3 shown at the extreme left of | the surface of uny mineral-producing or water
The broad belt of lower land s truy= bewring stratam which appenrs in the seetion iy

be measured by uging the seale ol the nip.
Columnar scclion dieet.—This sheet contains o
of the sedimentury formations
| which ocenr in the quandrangle. Tt prosents o
| gumary of the facts relwting 10 the chameter

| of the rocks, the thickness of the formations, aml

! the onder of secmmukation of sucevssive deposits,
The rocks are hriclly deseribiesd, i thedir el
L acters are indieated in the colummr dingrm,
The thicknesss of formations are
| which state

given in ligones=
the bt mmd greatest pwasaremienis,
[ el the aversge thicknes of covh e showmn it
column, which is drwn to acale—nsundly 100
foct 1o 1 inch. The order of aecumulation of the
sediments is shown in the columuar srmngement—
the oldest formition ut the botiom, the yonngest ut
the top. '

The intervale of time which cortespomd to events
of uplift and degradation und constitute interrup-
tions of deposition are indicated graphically and by
the word *unconformity.”

CHARLES D, WALCOTT,

origin are represented by short dushes irregularly | are important wining industrics or where artesian | are broken ncross and the parts lave slippel post Diveclor.
placed; if the rock is schist the dashes may be | basins exist special maps are prepared, to show each other. Such breaks are termed faulls. Two
arranged in wavy lines parallel to the structure these additional economic features. kinds of faults are shown in fig. 4. Revised January, 1904
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woor more | tions, lhu arrangenent of rocks in the canth s
mown the ‘ the earth's sfracture, ind a seetion exhibiting this
hich s a o armngement is called o strecture seetion,

wsymbols [ The geologist s not limited, howesver, to the
mes of llwlmluml and artificial cuttings for Lix information |
aeler (from | coneerning the earth’s structure. Knowing the |
=signed to [ manmer of formation of rocks, und having teaced |
able. out the relations among the beds on the snrfuw he
e infer their re lxm\o positions afler they pues
beneatlt the surface, and ean draw scetions repre- |
brms have | senting the structure of the earth to u considemble

|
rexample, dqllh. Such a scetion exhibits what would he |

i sireams | seen in the side of a catting many miles long and |
e ulluvial | severnl thousand feet decp. This is illustrated in
e oup by | the following figure:

o eroding
oap by
Hute part

cof depos- |
em, The !
diom. To
dns, lava

composed ‘

deat the

wlhieed |!\ Pig. 2. —8keteh showing o vertieal section at the front and o
| landseape beyond.

upmul--nt 1

H s am | The figure represents o landseape which s eut
ny rock. ‘oﬂ’ sharply in the foreground on o vertical plane,
channels, | 150 as to show the underground  relations of lhe
< making rocks.  The kindsof rock ave indicated liy appro- |
lirst Imilt priate symbols of lines, dots, and dashes,  These
e shap- symbo]s admit of mneh variation, hut the following
nsually o fare generally used in sections to represent the
Tegraded) | commoner kinds of rock:

ot to the |
wly wear |
< mterin] |
the flow |
helow sea |
base-lrvel
long time |
degranded
diee thus
©troet is
top is a
< level,

<

Sehista, Maussive and boddod fgneons rcks.
the areas |

the mir-
aap. To! A
Itern :md} The plateau in fig. 2 presents toward the lower |
. for that 1 land an esearpment, or front, which is made up
where he | of sindstones, formingethe eliffy, and shales, consti-
the for- | tuting the slopes, a3 s[lo“n at the extreme left of
en forma= | the section.  The broad belt of Tower lanid s trav-
send and | ersed by several ridges, which are seen in the sec-
s on the | tion to corrvepmul to the outerops of a bed of sund-
oy be | stone that rises to the surface. Thé upturned eduzes
{of this bed furm the ridges, and the intermediate
nt of the | valleys follow the onterops of limestone und enlen-
sarranged | reous shule.
wording to | Where the edges of the strata appear at the
ryxtalline | surfice their thickness ean be mensured and the

Fig. 3.—8ymbols nsd iy seations to represent different Kinds
of roe! Iu

roup they | angles at which they dip below the surfuce cun be |

nown, the | observed. Thus their positions underground e
be inferred.  The direetion that the interscetion of
sesents the | a bed with a horizontul plime will take is culled
. showing | the strike.  The inclination of the hed to the hori-
es il to | zontal plane, mensured at right angles 1o the strike,

ns which | is called the dip.
lyshown | Strata are frequently curved in troughs and |
The areal | nrches, such as are seen in fig. 2. The 'mlms ure
wl hack- ! called anticlines and the troughs synelines.  Dut
ve forma- | the sandstones, shales, and limestones were d(-pm-
A mine | ited beneath the gen in nearly flut sheets; that they
aceom- | are now bent and folded is preof that forees have
wineral | from time to time caused the earth’s surface to
iere there | wrinkle along certain zones.  Tn places the strata
« artesinn | are broken across and the parts have slipped pust
to show | each other. Such l»rmks are termed frulfe. Two
Eude 3 S

o euvz i fp 2

[

| Fig 4 =Ideal sections of nlmm showing (a) nermal faulis

| and (5) u thrust falt,

] inferred.  Ience that portion of the section delin-

icm- what i probably true but is not known hy
observation or well-founded inference.

The section in fig. 2 shows three sets of forma-
tions, distinguished by their underground relations.
The nppermost of these, seen ut the left of the

| section, s u set of sandstones and shales, whicl lie
in a horizontal position.  These sedimentary strta
pare now high above the sea, forming a plateau, and
their vlnn-'c of elevation shows thnt a4 portion
1ot the earth’s mass has been mised from a Jower
lto u higher level.  The strata of this set are
parallel, w velation which is ealled con formedle.

The seeond set of formations consists of struta

whieh form avches and tronghs. These strata were
Lonee coutinuons, but the erests of the arches have
Cbeen removed by degrdation. The  bads, like
*those of the fimst xet, are conformalle,

[ The horizontal strat of the platenn rest upon
P the upturned, eroded clges of the beds of the
? secomd et at the left of Ih(- seetion. - The overlying
t deposits are, from their positions, evidently younger
thn the underlying formations, and the lwm]mg
amd  deg adation of the older stata must have
‘ oceurred between the deposition of the older beds
and the accumulation of the younger. When
younger rocks thus vext npon an eroded surfice
of older rocks the relation between the two is
an wneon formable one, ind  their surface of contact
is an vneon fornity,

The third set of formuations consists of crystalline
schists und izneons rocks. At some period of their
listory the schists were plicnted by pressure and
traversed by cruptions of molten vock.  DBut the
pressure and intrusion of igneons rocks have not
affected the overlying struta of the second set.
Thus it is evident that a considerable interval ©
clipsed between the formation of the schists amd
the heginning of deposition of the struta of the
second set.  During this interval the schists suf-
fered metamorphising they were the scene of erup-
tive activity; and they were decply eroded. The
contact between the second and third sets is unother
unconformity; it marks a time interval between
two periods of rock formaution.

The section and led'smpe in fig. 2 avre ideal, but
| they illustrate relations which aetually occur.  The
| sections on the structure-section sheet are related to
thc maps as the section in the figure is related to
the landscape. The profile of the surfice in the
section corresponds to the actunl slopes of the
ground along the section line, and the depth frem
the surfice of any mineml-producing or water-
hearing steatum which appears in the seetion may
be meusured by using the senle of the map.

Colwmnar seetion sheel.—This sheet contains a
concise deseription of the sedimentury formations
Pwhich ocenr o the quadrngle. It presents a
summary of the facts relating to the charcter
of the rocks, the thickness of lhc fomnanoxm, :uu]
the order of sccumulation of successive deposits.

The rocks ave briefly deseribed, and their char-
acters are indieated in the columnar dingram.
The thicknesses of formations are given in figures
wihiich state the least and greatest measurements,
and the average thickness of each is shown in the
column, which is drawn to a seale—ugually 1000
feet 1o 1 inch.  The order of anccumulation of the
sediments isshown in the columnar grrangement—
the oldest formation at the botmm, the youngest at
[ the top.

The intervals of time which corrupond 10 events
of uplift nud degrudation and constitute interrap-
tions of’ :](-pw;mm\ are indicated grophically and b)
the woid “unconformity.”

CHARLES D. WALCOTT,
Direclor.
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GEQLOGY AND ORE DEPOSITS OF THE RICO DISTRICT, COLORADO

By Epwix T. McKNiGHT

ABSTRACT

The Rico district is in the Dolores River valiey at the east
end of Dolores County in southwestern Colorado. Mining
has been actively carried on in the distriet since 1879. In
the early days, silver was the chief product and was mired
largely from Newman Hill southeast of the town of Rico.
After 1000, the base metals, particularly lead and zing,
mined in other parts of the district, became the major
preducts, though silver remained an important byproduct.
The production of the Rico district from 1879 to 1968 has
been about 83,000 ounces gold, 14,500,000 ounces silver, 5,600
tons copper, 84,000 tons lead, und 83,000 tons zinc.

Bedrock in the district vanges in age from Precambrian
to Permian. The older rocks are exposed in the valley of
the Dolores River and its tributary, Silver Creek, near the
center of a domal uplift on the east side of a monzonite stock
that creps out west of the river at Rico. Precambrian rocks,
which are fauifed up in a horst biock on the eastern prolonga-
tion of the monzonite stock, include an earlier complex of
greenstone and metadiorite and the later Uncompahgre
Quartzite, which is at least 1,000 feet thick. The Uncom-
pahgre Quartzite is overlain in the subsurface by the Ouray
Limestone of Devonian age; this is succceded by the Lead-
ville Limestone (Mississippian). which is the oldest Paleozoic
formation that crops out. Combired thickness of the Ouray
and Leadville is about 160 fecet. Both formations have been
metamorphosed by the monzonite intrusive body.

A quartzite from zero to perhaps 80 feet thick has in
previous reports on the district beer considered as Devonian
in age and then Cambrian. Bevause of structural and evo-
sional complications near the center of the dome, the se-
quantial relations bhetween this quartzite and the Devonian
and Mississippian limestones cannot be determined from out-
crops. He -ever, drill-hole records indicate that the quartziie
overlies the limestones, and fossiiiferous chert pebbles found
in this quartzite indicate that it cannot be older than Car-
boniferous. It is here assigned to basal Middle Pennsyl-
vanian, named the Larsen Quartzile, ard is considered to
be the equivalent of the Molas Formation in other parts of
the San Juan region. .

The Hermosa Formation, of Middle Pennsyivanian age,
is the mest widely distributed formation in the mining dis-
trict. It is about 2,800 feet thick in its best exposed section,
and comprizes arkoses, sandstones, shales, conglomerates,
and interbedded fossiliferous limestones. Although minor
limestone and dolomite are scatiered through the formation,
most of the limestones are concentrated in the middle third.
Conglomerates are concentrated in the upper third, and the
orozortion of red beds increases roward the top of the forma-
tion. Lateral variation in the proportions of the different
rock types is extreme, and in the southeastern part of the

. district, clastic strata largely disappear from the middle part

of ihe section to produce a phase of the middle Hermosa
that is thinner but is virtually all limestone. Tie Hermosa
Formation is of great economic interest because most of the
ore deposits of the district occur in it, particularly in its
limestones.

The Hermosa is overlain conformably by the Rico Forma-
tion, about 300 feet thick, of Middle and probably Late
Pennsylvanian age. The Rico is dominantly a sandstone and
arkose sequence, in part conglomeratic, but contains other
lithologic types, including limy fossiliferous sandstones “in
which pelecypods and gastropods ave conspicuous. Many of
the strata are red beds, though in general the rucks average
little, if any,-redder than the upper part of the Hermosa.
The Rico is transitional on its lithologic and paleoccologic
features between the Hermosa and Cutler Formations.

Tre highest formation exposed in the district is the Cutler
Formation, a continental red-bed sequence of Early Permian
age. Perhaps as much as 2,800 feet of strata remain, consist-
ing of arkoses, conglomerates, sandstones, shales, and thin
impure fresh-water limestones.

At the cnd of the Mesozoic Era the sedimentary sequence
was intruded by sills and dikes of hornblende iatite porphyry,
one of the sills being as much as 525 feet thick. Apparently
at a later stage, the ensemble was iniruded by a less silicic
stock of monzonite whose present outerop, west of the Doloves
River at Rico, is about 2 miles long and 1 mile wide. Other
igneous types include sceveral dikes of alaskite porphyry and
a single thin dike of lamprophyre. Pervasive metamorphism
of the sedimentary strata extends for 0.4 mile east from
the boundary of the sitock, and more channclized meta-
morphism extends to a maximum distance of 1.7 miles.

The dominant structure of the district is a faulted dome
centered near the mwonzonite stock., The Rico mining dis-
trict is on the northeast, east, and southeast sides of the
dome. In the district the major faults near the stock trend
generally east-west and border a central faulted horst block
of Precambrian rock that has been uplifted at ieast 6,000
feet. Farther from the steck are two other major faults of
diagonal trend. The Princeton fault strikes northeast through
the northern part of the mining district and has its upthrow
on the northwest side. The Blackhauwk fauit cuis from
northwest to southeast diagonally across the othcr faults
and has its upthrow on the southwest side, toward the horst
block. The major faults that dominate the strictueal pat-
tern of the district are normal faualts, and all excent the
Princeten fault ave of steep dip. In addition, numerous bed-
ding faults in the Hermosa Formation have been of con-
siderable economic importance because they commonly
afforded access of ore-bearing solutions to sites favorabie
for ore deposition.

The ore deposits of the district consist of (1) muassive
sulfide replacement deposits in the limestones of the Her-

1




2 GECLOGY AND ORE DEPOSITS OF THE RICO DISTRICT, COLORADO

mosa Formation; (2) contaci-metamorphic deposits of sul-
fides and iron oxides in limestones chiefly of the Ouray and
Leadville Limestones but also of the Hermosa Formation;
(3) veins on fractures and small faults in Hermosa sand-
stones anrd arkoses; and (4) replacement deposits in residual
debris resulting from the solution of a gypsum bed where
broken by fissures in the lower Hermosa Formation.

The common sulfide minerals, present in all types of de-
posits, are pyrite, sphalerite, galena, and chalcopyrite. A
silver-bearing mineral of the tetrahedrite-tennantite iso-
morphous series is widely disiributed. Rarer sulfides, gen-
eraily confined to certain types of deposits, include pyrrho-
tite, cosalite, tetradymite, and alabandite. Although no longer
of significance as ore minerals, several silver minerals ac-
counted for much of the value in the lodes (iypes 3 and
4 above) mined in Newman Hill before 1900. These include
argentite, polybasite, proustite, pearceite, pyrargyrite, and
possibly stephanite and argyrodite. Native gold is gencrally
a minor byproduct, but, locally, it has contributed materiaily
to the value of the ore, particularly in some of the rich
silver ore formerly mined in Newman Hiil

The common gangue mineral: are quariz, fluorite, calcite,
dolomite, manganoan sideriie, rhodochrosite, rhodonite, and
sericite. Barite is of local occurrence. In the contact-
metamorphic ores, specularite, magnetite, and chlorite are
major gangues. Many other high-temperature silicates are
only incidentally associated with the ores.

The massive sulfide replacement deposits in Hermosa lime-
stone (type 1) have been the major source of ores in the
20th century and account for practically all the current
production. They are base-meial ores with byproduct silver
and gold. Although found in the neighborhood of - certain
major faults such as the Biackhawk fault, the individual
orc bodies are localized on minor breaks. A given ore body
is centered on a fracture or minor fault and commonly in-
volves the complete thickness of the limestone bed. Massive
pyrite commonly replaces the ore bed adjacent to the feed-
ing fracture, and sphalerite and galena, with variable,
though gencrally sparse chalcepyriie, ring the periphery of
the pyrite body. The pyritic masses yielded the sulfur for
a large output of sulfuric acid for 9 years, starting in 1955.
Some of the pyrite bodies have carried enough copper locaily
to have been mined as argentiferous copper ores. These re-
placement ores have been found chiefly in two areas—in
CHC Hill in the northern part of the district, and up Silver
Creek, roughly 1% miles cast-northeast of Rico, respectively
in the foot wall and hanging wall of the Princeton fault.

The contact-metamorphic deposits (type 2) are likewise
base-metal ores with byproduct siiver and gold. They ave
less extensive than type 1, cceurring only within or on the
borders of the Rico townsite. They were exploited chniefly
in the 1920’s and again during World War II but are not
now productive. The base-mciai sulfides occur in irregular
pods scaitered through muasses of specularite, magnetite,
and chlorite that are ceniered on {racture zones of small
displacement,

The vein deposits (type 3) are widespread in association
with the replacement deposits, but are generally too thin to
be economically exploitable for base-metai ores. Locally, they
may be worked over short siretches where they widen or are
followed by development workings. Veins of a different
mineralogic i{ype, characterized by an abundance of rich
hypogene silver minerals and anpreciable gold in addition to
the base-mecial sulfides, were worked in Newman iHiil in the

southern part of the district during the 1880’s and 1890's but
were “largely exhausted by 1900. These veins were in a
northeast-trending system and were limited to a siratigraphic
interval of about 150 fect, in sandstones and arkoses below
a capping shaly zone in the lower Hermosa. The veins aver-
aged only G inches thick, rarely reaching a thickness of 2
or 3 fcet. They pinched and were impoverished in the shales.
In general, vein deposits are on faults of small throw, those
in Newman Hil} having a displicement of less than 10 feet. °

The replacement deposits in residual debris resulting from
the solution of a gypsum bed (type 4) were also exhausted
before 1900. They were closcly reiated to the rich vein de-
posits in Newman Hill, occurring in horizonta! blanket or
ribbonlike deposits overlying the apices of the veins. These
so-called “contact” deposils were separated from the veins
by a shaly interval, .5-20 feet thick, through which ex-
tended only minor irregular stringers of the vein material.
The contact deposits were from a few inches to 6 feet thick,
as much as 40 feet wide centered over the apex of the
related vein, and several hundred feet long following the
strike of the vein. They occurred not only over the north-
easterly veins, but over northwesterly veins that were barren
in the vein zone. Mineralogically, the contact deposiis were
similar to the productive veins, but the ore averaged con-
siderably richer.

INTRODUCTION

LOCATION AND GEOGRAPHY OF DISTRICT

The Rico district is near the east end of Dolores
County, Colo. (fig. 1), in the Rico Mountains, a sub-
sidiary group of peaks on the south.west fringe of
the San Juan Mountains. Although the peaks are
high relative to the plateau country on the west and
southwest, they are low relative to the San Juan
Mountains. The highest point is Blackhawik Peak,
at 12,677 feet, 214 miles east of the town of Rico.
Other peaks that more closely overiook the town,
all more than 12,000 feet in altitude, are Dolores
Mountain to the southeast, Telescope Mountain to
the northeast, and Expectation Mountain across the
river to the west. The headwaters of the Dolores
River flow south through the heart of the district,
and Rico is on its east bank at the confluence of
Silver Creek. This creek comes from the northeast
between Telescope Mountain and high spurs, includ-
ing Harts Peak, that extend out from Blackhawk
Peak.

The lower slopes of the Rico district are generally
mantled by wash, talus, and landslide debris that
has slid down from the higher hilis. Alluvial fans
are extensive at the mouths of the larger creeks. The
general effect has been to limit the rock outcrops
at lower levels, including much of the mineralized
area. The outstanding exception is Sandstone Moun-
tain, on the west side of the river, 2 miles north of
Rico. Here, an extens:ve landslide ¢ff the west slope
of Telescope Mountain has pushed tie Doiores River
against its west bank, $0 oversteepening the slope
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FicurE 1.—Index map of southwestern Colorado showing location of the Rico district.

that most talus debris on that side Has gone into the
river and has been distributed in the alluvial ma-
terial along the valley below. The resuitant outcrop
face on Sandstone Mountain exposes a stratigraphic
section that has been of utmost importance in de-
ciphering the geology of the district. Elsewhere in

the district, indifferent outcrops yield only partial
sections that can be interpreted only by reference
to the Sandstone Mountain section or to under-
ground exposures. i

The hills have a discontinuous forest cover in
which aspen, Colorado blue spruce, and Englemann
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spruce at higher levels are dominant types. The
timberline is at about 11,500 feet.

Although some mineralized ground is on the west
side of the river opposite Rico, the major produc-
tion from the district has come from mines east of
the river. Some of these mines have been in blocks
of ground mantled by thick wash and landslide
debris. Because of their importance as mining areas,
some of these mantled lower slopes of the moun-
tains have been given special names. Thus, CHC
Hill is the lower west slope of Telescope Mountain,
and Newman Hill is the lower west slope of Dolores
Mountain., The major mineral production has come
from CHC Hill;. from Nigger Baby Hill, which is
the long spur that extends southwest from Tele-
scope Mountain and overlooks Rico; from the valley
of Silver Creek about 114 miles northeast of Rico;
and from Newman Hill.

In the early production of the district, silver was
the major economic product; but upon depletion of
the rich silver ores, lead, zinc, and, to a less extent,
copper have been the main products, and silver has
been an important byproduct. Gold has always been
a significant byproduct, and at least one small mine
has been worked exclusively for this metal. In 1955
a plant was built for production of sulfuric acid
from massive pyrite ores, and in the next 9 years a
substantial amount of acid was produced for use in
uranium mills of the adjacent Colorado Plateau.

HISTORY

The early history of the Rico mining district has
been given by Ransome (1901, p. 238-242) and
therefore is only summarized here. The first claim
was staked in 1869 on ground along the river at
Rico, including parts of what later became the
Shamrock, Smuggler, and Riverside claims. In the
next 10 vears, additional claims were staked within
the Rico town area, on Nigger Baby Hill, in the
mineralized area up Silver Creek, and in Aztec
Gulch. Development work was intermitient, how-
ever, and the claims were commonly abandoned on
the approach of winter.

In 1879, oxidized silver ores were discovered on
Nigger Baby Hill which were rich enough f{o
attract a sharp influx of prospectors into the district.
A mining settlement sprang up, civil government
was organized, and a post oflice was established at
Rico. In the same yecar, ore was discovered and
shipped from one of the veins in Newman Hill
General activity in the camp increased over the
nexi few vears. In 1880 a small smelter was built
on the east bank of the Dolores River at the north
edge of town to treai the ores from the Grandview
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mine,, but it proved to be short lived. A second
smelter was built at the southern end of town, be-
ginning in 1882, and operated as a custom plant for
nearly 2 years during 1884-86. Silver production
rose to a temporary peak of 193,360 ounces in 1883,
but it sagged appreciably in the next 3 years.

In 1887 a prospect shaft on the Enterprise claim,
by pure accident, struck the edge of the largest and
richest ore body ever found on Newman Hill. This
was a blanket ore bodv of a type that proved to be
very productive of rich silver ore during the next
few vears, as further ore bodies were explored and
opened in the extension of mining from this initial
discovery. The Enterprise success stimulated de-
velopment throughout the camp, and within the next
few vears ore had been developed in all the min-
eralized areas that are now known, including CHC
Hill. The Rio Grande Southern Railroad Co. com-
pleted a narrow-gage line into the camp in 1890,
and within a short time spur lines were operating
up Silver Creek and to the portal of the Enterprise
Group tunnel.

The all-time peak of silver production was reached
in 1893, 2,675,238 ounces, of which the mines in
Newman Hil!, particularly the Enterprise mine, con-
tributed the largest share. The drop in silver prices
during the 1890’s, and particularly the famous silver
panic in mid-1893, affected Rico as it did all other
western mining camps, and the production fell
sharpiy in the next few vears. Yet the fundamental
cause for the decline as a silver camp was depletion
of the rich silver ores. By the time of the Ransome
(1901) report, the Newman Hill mines were largely
exhausted of all except low-grade base-metal ores.

In the early 1900's, other parts of the district
became relatively more productive, and by 1905 for
the first time the combined values of lead and zinc
produced in the district exceeded that of silver.
Activity in the district waxed and waned with the
economics of mining during the next several years,
but there was substantial development and produc-
tion each year. The demands for base metals before
and during World War I stimulated the mining of
base-metal ores, particularly in CHC Hill and in the
mineralized area up Siiver Creek. However, peaks
of production generally depended on the fortunes of
ore discovery. A temporary peak for base metals
was reached in 1913 when the district produced 400
tons of copper, 1,540 tons of lead, and 1,300 tons of
zinc. Although the output of lead and zinc fluctuated
at a lower level in the next few years, the all-time
peak production of copper, 516 tons, was reached 2
years later, principally from the Mountain Spring-
Wellington mine of the Rico-Wellington Mining Co.
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in CHC Hill. Mining econon;ic conditions began to
deteriorate during the last year of the war, and
production reached a low ebb by 1921.

In the mid-1920’s the mining industry at Rico
revived, chiefly through advances in the metallurgi-
cal industry. Perfection of the flotation process in
the previous decade had made attractive such com-
plex sulfide ores as prevail at Rico, and the mine
operators were, for the first time, able to realize a
fair profit on the zinc content of their ores instead
of being penalized for it as in past years. At first, the
ores were shipped to new custom flotation mills in
the Salt Lake area, Utah, but in 1926 a 250-ton
custom mill was built at Rico by the International
Smelting Co. (subsidiary of Anaconda Mining Co.),
and for nearly 2 years most of the output of the
district was concentrated in this mill, The chief
producing companies included the( Rico Argentine
Mininé Zéaworking the mineralized area up Silver
Creek on the south side of the creek; the Falcon
Lead Co., working the Yellow Jacket mine and other

roperfi igger Baby Hill; €he Rico Minjng &
Reductio and (after May 1927) its successor,

the St. Louis Smelting & Refining Co., working CHC
Hill, the Silver Swan mine below Rico, and a small
part of the mineralized area along Silver Creek; the
Pelleyre Mining & Milling Co. (subsidiary of Inter-
national Smelting Co.), working the Shamrock and
several other properties in the district; Union Car-
bonate Mines, Inc., working the Union Carbonate
mine; and the Rico Enterprise Mining Co., working
the Pro Patria and Revenue mines. The all-time
peak of production for base metals was made in 1927
when the district output was 5,308 tons of zinc, 4,994
tons of lead, and 65 tons of copper. The mining boom
was, however, relatively short lived. The custom
mill at Rico operated only from October 1926 to July
1928, when it shut down permanently. Ore that con-
tinued to be produced for a time was shipped again
to the custom mills at Salt Lake.

In 1929 mining at Rico was hit by the Depression,
and by 1932, production had ceased. The St. Louis
Smelting & Refining Co. drove its St. Louis tunnel
and crosscut extensions into the east bank of the
Dolores River under CHC Hill during the depth of
the Depression (1930-32), but failed to reach the
Mississippian and Devonian limestones in which
deep replacement ores were prospective targets.
Mining was resumed on a relatively small scale in
1934, and production from several mines fluctuated
over the next few years.

In September 1939, the Rico Argentine Mining
Co. finished a new 135-ton flotation mill and began
a period of steady production that brought a degree

of stability to the mining industry at Rico. This
company was the major producer during World War
11. The Van Winkle shaft was sunk on the east edge
of town in 1942, and for several years supplied a
large share of the Rico Argentine production. The
company has maintained steady production, though
not always at mill capacity, to the present day except
for two periods, May 1949 to July 1950, and June
1957 to some time in 1959, when low base-metal
prices made the operation uneconomic. The long
crosscut from the St. Louis tunnel to the Argentine
shaft on Silver Creek was finished in 1955, lowering
the water level in the Silver Creek mine workings
by about 450 feet and draining a large block of
mineralized ground. At present, the company con-
trols most of the mining properties from which the
major past production of the district has come. Its
mill capacity (1969) is rated at 150 tons per day.

In September 1955, the Rico Argentine Mining
Co. completed and put in operation a plant for the
production of sulfuric acid from pyrite. The acid
was sold to several uraniiom mills operating in the
adjacent part of the Colorado Plateau. The acid
plant ran for 9 years, until a cutback in the uranium
program destroyed the market for the acid. The
plant was put on a standby basis in October 1964.
Much of the acid production came at a period of
low base-metal prices, when the entire mining facili-
ties could readily be diverted to the mining of
pyrite.

TRANSPORTATION FACILITIES

The narrow-gage railroad completed through Rico
by the Rio Grande Southern Railroad Company in
1890 served the district for 60 years. In its later
days, locomotive power was supplied by various
models of converted automobile gasoline engines.
Eventually, freight from the mining industry at
Rico and Telluride was not enough to sustain the
railroad, and it was finally abandoned as uneco-
nomic in 1951, Since then, mining supplies have been
brought in and concentrates taken out by truck. At
present (1969), all concentrates are trucked to the
Denver and Rio Grande Western Railroad line at
Ridgway, Colo., where they are loaded into freight
cars and shipped to the Bunker Hill Co. reduction
plants at Kellogg, Idaho.

PRODUCTION

Table 1 gives the production of precious and base
metals from the Rico district from 1879-1968.

Between September 1955 and October 1964, the
acid plant produced 316,108 tons of commenrcial sul-
furic acid, 100 percent basis. In the first year and
a quarter, pyritic tailings from the lead-zinc mill
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TABLE 1.—Gold, silver, copper, lead, and zinc produced in the Rico district, 1879-1968

[Figures derived by subtracting from the production of Dolores County that of the Lone Cone district, which s the only other metal-producing
district of record (1806~1841) in the county. Lone Cone production for 1806-1903 estimnted (gold ond nallver only), for later yeara from un-
published statistical charts furnished by the U.S. Bur. Minea. Production of Dolores County for 1870-1023 from Henderson (1926, p. 117): for
1924-31, from annual volumes of U.S. Bur. Minea Mineral Resnurces of the United States; for 1932-82, from annual volumes of U.S. Bur. Mincs
l\ll}igeralulanrbook): for 1063-68, from unpublished statistice furnished by U.S. Bur. Mines. Compilation for Dolores County by Robert G. Lucdke,

.S. Geol. Survey

Lode gold Silver Copper Lexad LI Zine
Fine Fine Short Short Short ‘Total value

Year ouncea Value ounces Value tons Vslue tons Value tons Value

1879 13 $1.500 7.134 $8.662 2 3800 5 $410 —-- $11,372
1880 169 3.500 30,938 35.679 14 6,206 50 5.000 IO ——- 50,286
1881 242 5,000 69,510 78.669 22 8.008 100 9,600 e 101,267
1852 484 10,000 86,078 06,989 27 10,214 100 0,800 IO ————- 127,103
1883 242 6.000 193,360 214,630 60 16,500 100 8,600 ———- ce-n 244,730
1884 73 1,500 54,141 60,097 .. 76 5.624 .- 67,221
1885 193 4,000 70.000 74,900 .- ———— 50 3,900 ——— 82.800
1886 a4 8,661 75,836 76,078 .. 396 30,432 cnn 120.071
1887 4an 9,743 118,262 116,597 17 500 46,000 ———- 176,332
1888 848 17,470 123,852 116,421 .- 500 44,000 —— 177,801
1889 3,766 17,826 618,615 681,498 .- 1,000 78,000 737,323
1890 7,661 166,297 848,785 891,224 .- 1,000 80,000 1,137,621
1891 6.932 122,631 699,888 692,889 -- 466 40,047 . 65,667
1892 11,401 235,669 1,286,179 1,118,106 7 1,513 1,642 123,327 . ... I 1,478,616
1893 21,387 442,106 2,676,238 2,086,686 6 1,080 2,250 166,600 IO — 2,606,371
1804 9,318 192,626 1,163,326 126,608 15 2,850 1.000 66,000 e 988,071
1895 2,642 52,662 399,283 259,534 82 6.864 157 10.042 c—.- I 328,002
1896 216 4,465 221,393 160,547 .. e 650 33,000 16 $1,170 189,182
1897 603 12,464 104,901 62,941 20 4,763 547 30,378 .- e 119,641
1598 1771 86,607 338,346 199,624 6 18,656 343 26,091 200 18,400 200.278
1899 1,234 26,508 167.052 94,231 22 7,611 1,023 92,080 50 5.800 226,230
1990 026 19,120 84,318 62.227 18 6.978 105 0,257 110 9.630 96,262
1801 179 8,700 66.632 39,970 1 2,189 184 16,783 125 10,250 71,901
1902 2906 6,118 46,311 24,545 8 1,837 194 16,841 124 11,937 60,978
1903 293 6,056 45,096 24,362 7 20,220 72 6,024 .. - 60.062
1904 667 13,678 44,432 26,251 18 3,250 91 7.793 9 928 61.800
1905 208 4,250 29,496 18,276 60 18,692 420 80,495 278 32,820 113,532
1906 485 9,398 34,200 23,217 100 38,480 59 6,739 442 53,896 131.830
1907 132 2,734 20,317 13,409 50 19,899 27 2,891 ———e e 88,938
1908 688 12,165 85,310 45,214 21 5,488 474 39,712 255 23,932 126,861
1809 614 10,641 64.375 33,478 22 5.621 230 10,786 84 9,049 78,642
1910 820 6,616 49,795 26,889 48 12,113 62 5,479 4“ 4.698 66,795
1911 23 476 80,842 16,346 2 373 350 31.476 263 29,944 78.614
1912 64 1,318 68,794 42,309 345 113,709 604 54,339 408 56,030 267,700
1918 306 6,333 163,111 02,479 400 124,057 1,638 136,332 1,208 145,389 503.690
1914 817 6,642 80,844 44,707 175 46,576 246 10,166 183 18,694 135,676
1815 624 10,828 122,664 62,190 516 180,670 134 12,693 18 4,456 270,737
1916 269 5,567 71,5678 47,008 210 103,197 294 40,661 91 24,429 220,832
1917 252 6,218 88,222 72,695 260 141,937 886 162,411 851 173,538 645,704
1918 146 2,891 54.240 64,240 309 162,840 259 36,736 331 60,174 306,789
1919 122 2,617 35,084 89,294 132 49,284 49 6,231 34 4,893 101,210
1920 88 1,759 28,656 31,128 3 1,252 336 61,762 115 18,619 114,608
1921 68 1,401 10,624 10,624 1 06 ———- ———- 12,869
1922 64 1,126 25,423 26,423 12 3,262 4 4,708 ——- - 34,697
1023 86 1,164 33.47 27.447 28 8,336 81 11,331 60 9,384 67.662
1924 8 178 8,709 5,835 6 1,545 89 14,167 11 1.417 23,142
1925 83 1,722 37,994 26,368 23 6,674 908 167,076 1.053 160,056 362,706
1926 189 3.902 02,040 67,433 54 16.036 2,917 466,760 2.981 447,160 090,281
1627 411 8,458 173,396 98,315 65 17.161 4.994 629,230 6.308 679.360 1,432,564
1928 1,044 21,585 360,653 205,132 “e 127,730 4.626 624,964 4,848 566,812 1,446,223
1929 632 11,016 268,783 143,261 164 67,695 3.630 444,739 2,952 389,730 1,046,342
1930 886 1.976 §0,683 31,063 155 40,170 678 67,760 695 57.120 204,078
1931 LY 607 1,648 478 1 182 35 2,553 a 8,116 7.026
1932 [ 95 1 o ceee e ——- e 96
1933 40 817 4,820 1,687 1 51 222 ———- ceee 2,777
1934 352 12,287 49,302 31,872 10 1,584 119 8.843 107 9,202 63,788
1935 666 22,944 71.040 61.060 13 2,076 140 11,220 142 12,452 09,751
1936 309 10,801 20,031 16,514 7 1,288 119 10,948 139 13,950 62,501
1937 188 6,666 13,086 10,122 7 1,694 125 14,607 136 17,680 60.759
1938 34 1,200 4,642 3.001 333 29 2,622 30 2,880 10,036
1939 121 4,235 £1.3566 28,072 65 13,416 62 70,688 8R7 90.168 206,670
1940 278 9,625 163,990 109,604 482 109,046 1,028 192,760 2,807 328,482 749,406
1941 102 3,670 112,715 80.163 62 14,632 2,625 287,833 3,004 450,600 836,788
1942 110 4,165 110.918 78,876 a6 8,482 2,282 306,705 2.764 514,178 011,495
1943 127 4,445 145,021 103,126 72 18,785 2,566 384,900 3,682 788,832 1,300,088
1944 141 4,935 121,791 86,607 1ns 31,095 2,826 462,240 4,657 1,038,996 1,614,733
1945 187 6.495 162.266 108,278 88 23,220 2.440 419,580 3,020 901,600 1.458.273
1946 136 4,760 173,207 140,024 112 36,126 2.176 474,269 3,435 838,140 1,493,300
1947 104 3.640 124,199 112,400 109 45,691 2.042 688,168 3,433 830.833 1.680,6R2
1948 108 3,730 132,312 119,749 74 32,116 2,430 860,040 3,180 845,580 1,871,466
1949 79 2,766 80,032 72.433 33 13,002 1,388 438,608 1,364 335.702 862,600
1850 7 2,485 72,735 65,829 35 14,560 1.138 307.260 1,366 337.660 771,794
1951 220 7,700 131,912 119,387 51 ° 24,654 2,231 771,926 2,527 919,828 1.843.625
1952 128 4,480 127,446 115,345 7 35,332 2,230 718.060 2,734 907.688 1,780,908
1953 95 8,325 103,908 04,042 18 10,332 1,871 490,202 2,634 605,820 1,202,721
1954 147 5.145 118,621 107,368 1 6.490 2171 506,408 2,896 625,536 1,341,027
1955 166 6,460 114.392 103.531 5 3,730 2,202 666,196 2,671 632.466 1,401,383
1956 179 6,265 97.181 87,954 6 6.270 1,858 683,306 1,668 457.114 1,130,000
mg; 13 436 8,529 . 7.981 1 181 201 67.515 169 36,958 103,100
19 o - = i —ee
19569 18 630 17,662 16,804 3 1,760 328 74.866 362 83.214 176,353
1060 84 2.040 81,601 73,9468 10 6,388 1,377 322,183 on1 248,041 653,308
1961 83 2,205 49,001 45,384 7 4,290 833 171,444 947 ‘217,695 441,018
1962 46 1,610 41,523 34,202 [ 2,805 782 143,952 681 156,722 130,381
1063 25 875 30,112 38,517 [ 3,126 542 117,060 484 111,32 271,088
1964 22 770 21,939 28,387 3 2,184 484 126,671 408 135,443 203,441
1965 68 2,380 74,120 05,840 i8 312,850 1.457 454,521 1.456 425,137 990,737
1966 68 2,380 54,633 70,511 26 18,664 1,109 336,220 1,147 332,574 759,449
1867 57 1,995 71,307 110,650 20 15,176 1.449 405.804 1,708 472,849 1,006,474
1968 59 2,316 97129 165,411 18 16.023 1.461 386,028 1.610 434,508 1,003,586

Total .. 83,045 1,781,702 14,513,288 11,335,029 5,637 1,951,561 83.847 15,228,650 82,717 17,243,559 47,940,501




altitude 9,742 feet and bears generally east-south-
east, nearly parallel to the strikes of the Blackhawk
fault and of the strata. Its portal is 25 feet within
the hanging wall of the Blackhawk fault just south-
east of the Last Chance fault junction, and the entry
tunnel merges onto the fault 250 feet from the
portal. The mineralized ground is in the hanging
wall to the northeast. At 340 feet from the portal,
the main tunnel crosscuts over to the northeast to
follow the Alleghany fissure, which is parallel to
and about 200 feet from the Blackhawk fault; but
farther along the tunnel, a branch crosscuts back to
the Blackhawk fault and drifts along a small break
in its immediate hanging wall (pl. 34). Maximum
~ penetration of the Log Cabin tunnel is about 1,400
- feet into the hill.

The limestone beds mineralized include the H,
I-J, K, and L beds at the top of the middle Her-

mosa. The distribution of the beds at the Log Cabin.

level is shown on plate 34. Most of the stopes at
and above the Log Cabin level are between the Alle-
ghany and Blackhawk breaks and within 210 feet
of the latter, but those on the H and I-J beds follow
eastward diagonally down the bedding to the Ar-
tine level. As the Blackhawk fault also dips in

is direction, though at a steeper angle, the dis-
tance between the fault and the outer edges of min-
eralized ground does not greatly increase. In a part
of the ground, the stopes in the four ore beds are
roughly superposed, indicating a common feeder
system among the cross fractures. No single frac-
ture can be mapped to account for this, but a system
of connecting fissures are present. The ore solutions
were thus able to travel from one to the other in a
general zone of fracturing. The stope in the H bed,
extending from below the Argentine level at the
bottom to above the Log Cabin level at the top, is
420 feet long and a maximum of 60 feet wide, as
projected on a horizontal plane. The stope in the
1-J bed bottoms at the Argentine level and extends
up through the Log Cabin level to somewhat above
the Carbonate tunnel whose caved portal is 109 feet
above the Log Cabin portal. This stope (as pro-
jected) is 580 feet long and a maximum of 150
feet wide, though averaging G0-80 feet. The stope
in the K bed, which is thin, bottoms between the
Argentine and Log Cabin levels and extends through
the Log Cabin level to some distance above the
Smith tunnel, breaking through to the surface at
gt upper end. It has a projected length of 500 feet
a width that is generally less than 40 feet, but
attains 90 feet at the upper end. A persistent bed-
ding fault at the top of the K bed may have fur-
nished the structural setting for the mineralization.
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In the L bed, part of the stoping is superposed on
that in the lower beds, but there is extensive stoping
which is independent of that in lower beds. None
of the stopes in the L bed extend below the Log
Cabin level. The largest stope, superposed at the
west end and running more nearly parallel to the
strike of the bedding, is 580 feet long and maxi-
mum 120 feet wide.

The Alleghany fissure, so conspicuous on the map
of the Log Cabin level (pl. 34), may have been a
mineralizing fissure for all the traversed beds (H
to L) adjacent to its northwest extent along the
level, but it failed to mineralize the L bed for a long
stretch near the southeast end of the level. The
fissure is a fault of reverse throw and small dis-
placement. It dips mostly southwest at 60°-80°, with
the southwest side up 5-18 feet as measured on the
level. The fissure containg 2-8 inches of gouge,
pyrite, calcite, and, locally, some sphalerite.

BLACKSMITTI TUNNEL

Although the Blacksmith tunnel has not been ac-
cessible during the fieldwork for the present report,
it is of special interest because of the stratigraphic
units involved in the mineralization. The tunnel
portal is S. 56° E., 530 feet from the Log Cabin
portal, and about 267 feet higher. As interpreted
from cross section and stope maps prepared by
W. R. Landwehr, geologist of the American Smelt-
ing & Refining Co., the tunnel provided access to
stopes in the two lowest limestone beds of the upper
Hermosa within 200 feet of the Blackhawk fault.
The stratigraphic units mineralized are Nos. 27 and
29 of the composite section (see p. 24), whose bases
are about 126 and 202 feet, respectively, above the
base of the upper Hermosa. The lower stope trends
nearly parallel to the strike of the bedding and is
185 feet long and 40 feet wide maximum. The upper
one, which is really two closely juxtaposed stopes of
very irregular outline, shows an overall projected
length of nearly 200 feet down the dip of the bedding
starting from the Blackhawk fault and a maximum
width of 120 feet. These stopes are not superposed,
nor do they overlie stopes in limestones of the middle
Hermosa. Lower limestone strata at the top of the
middle Hermosa are pinched out against the fault
below the level of the Blacksmith tunnel.

ARGENTINE TUNNEL

The Argentine tunnel is in the hanging-wall block
of the Blackhawk fault northeast of the Log Cabin
tunnel and about 160 feet lower, its portal having an
altitude of about 9,588 feet. It trends in a general
southeasterly direction nearly parallel to the strike
of the bedding and shows an overall penetration of
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about 2,400 feet into the hill. In the first 930 feet
are several prongs that are more or less intercon-
necting, but beyond that, the working is a linear
tunnel from which a few crosscuts have been ex-
tended (pl. 3B).

Some of the prongs of the tunnel in the first 930
feet intersect the lower ends of two of the large
stopes previously discussed for the Log Cabin level,
namely, those in the H and I-J beds. At their lower
ends the outer edges of these stopes are, respectively,
160 and 220 feet from the Blackhawk fault, as
measured on the level. Much of the ore from stoping
in the K bed between the Argentine and Log Cabin
levels was also taken out through these prongs of
the tunnel. The Argentine workings in this block
also intersect mineralized ground in a lower bed,
the E bed, which pinches out against the Blackhawk
fault well below the Log Cabin level. The stoped
ground in the E bed is small and is characterized
by an abundance of garnet. Plate 3B shows the dis-
tribution of the limestone beds on the Argentine
level.

The Blackhawk fault has been probed by cross-
cuts at four places (pl. 3B), but no workings pene-
trate more than 40 feet into the lower Hermosa
strata of the footwall.

The other dominant structure revealed on the
tunnel level is the Honduras fault, which is a reverse
fault trending slightly south of east and dropping
the strata on the north side about 140 feet. Although
the displacement is in the same direction as that of
the Blackhawk fault, the dip is in the opposite di-
rection, mostly 70°-80° S. The fault break is occu-
pied by 2-8 feet but commonly about 5 feet of gouge,
quartz, and pyrite. The I-J bed limestone unit in
the dropped block has been mineralized and stoped
at a level between the Argentine and underlying
Blaine level. This ‘4 bed” stope,’” though irregular
in shape, is about 250 feet long in a direction nearly
perpendicular to the fault and 90 feet wide at the
maximum. However, another prong of the stope
10-20 feet wide follows along the north side of the
fault for a distance of 140 feet west from the main
stope. Mineralization of this latter prong can be
attributed to shattering along the hanging-wall
side of the Honduras fault. The main northward-
trending prong lies along the northwest side of
the Rico Argentine dike; shattering of the lime-
stone adjacent to the dike probably furnished the
channelways for introduction of the ore solutions.
However, the northern part of the stope is also
traversed by a small fault dipping westward at

" The stope is labeled 4 bed” stope on mining company maps, but this
is a misidentification, as it i3 really in the 2 bed of cumoany terminology:
sce the composite sectinn, p. 24,

45°-60° and dropping the strata on the west about
15 feet. Updip and a little farther north this fault
was responsible for a replacement blanket of sul-
fide ore at a higher stratigraphic level in the mid-
dle tunnel of the Rico Consolidated mine (see p. 84).
The remote end of the “4 bed” stope is about 450
feet from the Blackhawk fault. The stope is of
mineralogic interest in that cosalite and huebnerite,
rare minerals for the district, are present in the
massive pyritic replacement ore.

In the ground explored by the deeper parts of the
Argentine tunnel, mineralization was not so exten-
sive as in the first 930 feet. The deeper part of the
tunnel follows the general course of the Alleghany
fissure. Over much of the Argentine level this fissure
is 60-120 feet northeast of the Blackhawk fault,
striking nearly parallel to it but dipping generally
in the opposite direction (southwest) at 60°-80°,
except near the southeast end of the mine where it
steepens through verticality and farther southeast
dips parallel to the Blackhawlk fault. Displacement
on this level amounts to a few tens of feet, down on
the northeast. Although the northwest end of the
Alleghany fissure was apparently an important part
of the feeder system for the mineralization in the
front part of the mine, it was a less effective min-
eralizer farther southeast. Nevertheless, there are
some stopes that are obviously related to it. Where
it intersects the I-J bed above the Argentine level
in the 3-compartment raise to the Log Cabin level,
at 14,060N, 14,690E (pl. 3B), a stope extends
southeast for at least 180 feet. The stope is about
10 feet wide, and narrowly confined to the intersec-
tion of the fissure with the ore bed which here
strikes nearly parallel to the fissure and dips about
45° NE. This stope is about 150 feet from the
Blackhawk fault.

At 250 feet from the southeast end of the tunnel
where the Alleghany fissure dips northeast, its hang-
ing wall contains the 138 stope which is a pyritic
copper stope in the L bed, running eastward diag-
onally down the dip of the bedding to the Blaine
level. Owing to the gradual convergence of the Alle-
ghany fissure and Blackhawk fault at this end of
the mine, the 138 stope is also only a short distance
in the hanging wall of the Blackhawk fault, 60 feet
from the fault at the Argentine level and 120 feet
from the fault at the Blaine level. The stope is 300
feet long as projected on a horizontal plane and a
maximum of 70 feet wide. Slickensides in the stope
indicate that faulting along the bedding was an
important structural preliminary to the mineraliza-
tion. The stope is reported to have yielded 2 ounces
of silver for each percent of copper.
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. A crosscut to the northeast near the end of the
Argentine tunnel intersects a bedding fault near
and at the top of the L bed. There has been some
stoping of this bed on and below the fault and updip
from the level, but the amount of ore obtained was
not great. The mineralized segment of the ore bed
is bounded laterally by crosscutting porphyry dikes,
one of which was offset by the bedding fault. Stoped
ground in this block is a maximum of 250 feet from
the Blackhawk fauit.
RICO CONSOLIDATED TUNNELS

The three tunnels of the Rico Consolidated mine
are about 400 feet northeast of the Argentine portal.
The altitude of the upper tunnel portal is 9,629
feet, and of the middle portal, about 9,563 feet.
Both portals are caved; but the middle tunnel is
accessible from the Argentme workings, and the
upper tunnel is accessible from the middle tunnel.
The lower tunnel is caved.

The tunnels enter the hill in an irregular, but
generally, south-southeasterly direction. The mid-
dle tunnel at about 600 feet from the portal hits the
Honduras fault and drifts east on it for 250 feet

(pl. 3B). The strata traversed are chiefly the basal
.art of the upper Hermosa. However, the L bed,
at the top of the middle Hermosa, is intersected 80
feet before the Honduras fault is reached and is
also cut on the south side of the Honduras fault in
the drift to the east. It is not mineralized.

The only mineralized ground is in the front part
of the mine, in the lowest good limestone bed of the
upper Hermosa, unit 27 of the composite section
(see p. 24). Most of the mineralization is adjacent
to the 210 Drift fault near its northeast end, and
chiefly on its south or upthrown side. In contrast to
its general vertical attitude elsewhere, the fault here
dips 70° S., and hence shows reverse displacement
amounting to about 20 feet. A large stope 20-30 feet
wide plunges eastward diagonally down the dip of
the bed at its intersection with the fault, and a
pyritized blanket of the ore bed about 100 feet wide
extends south from the fault diagonally up the bed-
ding dip and nearly perpendicular to the fault. This
pyrite blanket is traversed lengthwise by the small
cross fault, dipping 46°-60° W., that is followed for
several hundred feet by the main tunnel. The fault
drops the strata on the west about 17 feet and also
displaces the Rico Argentine dike (pl. 3B). It is
undoubtedly the feeder for the sulfide mineralization

the pyritic blanket. The center of this blanket is

o low grade to be minable, but ore stopes were
developed along its two sides. The larger stope on
the east side is about 160 feet long as projected on
a horizontal plane and is 15-20 feet wide. A bedding

GEOLOGY AND ORE DEPOSITS OF THE RICO DISTRICT, COLORADO

fault at the top of the ore bed doubtless facilitated
the introduction of the ore solutions. The presence
of hydrated iron oxides and green copper stains in
the walls of the stopes suggests that the ore taken
out was partly oxidized.

An additional small stope was opened along the
northwest side of the Rico Argentine porphyry dike.
This stope was not completely mapped, so its length
is not available. It has a maximum width of 20 feet

| but is for the most part only 6 or 7 feet wide.

The upper tunnel explores the ore bed at a higher
level where it is massively pyritized, but there was
only negligible stoping on this level, along the edge
of the porphyry dike. The tunnel crosses the vertical
Honduras fault at 590 feet from its portal and
extends 155 feet farther into the footwall.

The stopes on the middle tunnel level are 600-800
feet from the Blackhawk fault and 260-460 feet
from the Honduras fault. It appears obvious that
the 210 Drift fault, which in most places is a tight
poorly mineralized fissure, has acted as a mineraliz-
ing channel in this place, though the eventual trunk
channel may well have been the Blackhawk fault.

JAMES G. BLAINE TUNNEL

The Blaine tunnel enfers the southeast bank of
Silver Creek just above creek level at an altitude of
about 9,336 feet, 400 feet east of the Rico Argentine
mill. It starts on the southwest side of the Black-
hawk fault in the thick shale unit just above the
H bed of the middle Hermosa and follows a general
east-southeast course until it intersects the Black-
hawk fault, 410 feet from the portal. From here,
the course is southeast along the Blackhawk fault,
though the fault is not followed in detail (pl. 3C).
In the first 1,700 feet from the portal there is, in
addition to the main haulage tunnel, an intricate
system of drifts, crosscuts, and stopes that develop
the blocks of ground on both sides of the fault, but
particularly the northeast, or hanging-wall, side.
Beyond 1,700 feet from the portal (measured in a
straight line), the chief working is the main haul-
age tunnel, but numerous tributary crosscuts explore
adjacent ground. The total straight-line length of the
tunnel is 3,750 feet, though the actual length is
somewhat greater because of deviations in course.
In the last 1,250 feet, the main tunnel diverges from
the Blackhawk fault into its hanging wall, though
crosscuts to the fault indicate that the tunnel is
nowhere more than 125 feet northeast from the
fault.

The structure in the front 1,700 feet of the Blaine
workings is greatly complicated by the junction of
the Honduras and Blackhawk faults on this level.
Although both faults drop the strata on the north




5 o

gy

A

—ta

e e R —e.
-

—

3

U. S. Geological Survey
Geologic Branch Library

Denver Office
Geologic Branch

TWENTY-FIRST ANNUAL REPORT.

or THE

Uxitep StaTEs, GROLOGICAL SURVEY,

TO THE

SECRETARY O1F TIHIE INTERIOR

' 1899-1900

CHARLISS DWW ALOCOTY

PIRECTOR

IN SEVEN PARTS

PART IL—GENERAL GEOLOGY. ECONOMIO GEOLOGY, ALASKA

W‘-\SIU\I(?'I‘O‘I
GOVERNMENT PRINTING OFVFICE

1900 EPA CLOSEOUT COPY

e N1 851
Log Mo wl! /501510“'

[ original ] Copy




2002V, gﬂ*wﬂ- "

E 2
AR WA,

GEOLOGY OF THE RICO MOUNTAINS, COLORADO

uy

3
.
o~
b
%
?
3
M
i
{
; ;
3
-
<
4
¢
3
P
g
i
]
3

. 3,
? WHITMAN CROSS and ARTHUR COE SPENCER
| |




b g 0
-y
[P

T o !

\
T ety s s 0 et -

.
]
i

Tete, e
Vad

GEOLOGY OF THE RICO MOUNTA INS. COT.ORADO.

By Winrrsan Cross and Awrnur Cor SCENCER.

PRE¥ACE
By Wirrrsaxy Cioss,

The Rico Mountains, the area discussed in the accompanying report,
ave sitwated in southwestern Colorndo near the headwaters of tho
Dolores River. 'The swmmits of this compact and rather isolated
group lic within an oval area about 7 miles in diwmeter from east to
west and 5 miles from north to south.  Sowe § miles to the northeast
is the southwestern front of the San Juan -Mountains, and about 16
miles to the sonth rise the northern slone af the La Plata Mountains.
The penks nre nearly all included withiw the northeastern section of
the Rico quadinngle, hut a few lic to the enst of the one hundred nnd
eighih meridian, in the Engineer Mountaln quadeangle.

The name “Rico Mountains® was first applied to this group of peaks
in the course of the work leading to the present report. On the IHay-
den map of Colorado the term ** Bear River Mountains® was used for
the sume group, hut that name has never come into local use, and
would now be n pnisnomer, for itis connected with o nomenclature for
important streams which has also failed of acceptance in the settle-
ment of the country since the issue of the Hayden map. On that map
the stream now known as the © West Dolores” River was ealled “North
Forkof Rio Dolores;” the main stream, now named the * DoloresRiver,”
was designated the “ South Fork of Rio Dolores, or Bear River,” and
from the Intter alternative name originated the term applied to the
mountiing in question,  The tributary of the Dolores heading in the
La Plata Mountains has long been kypwn ns Bear Creck.  On the
Hayden mup it has the name ** La Plata Fork.” |

While the Hayden nume for this mountain group has been rejected
in local usnge the engineers and miners of the region have failed to
supply a new one, hut the individuul character of the group, hoth
geologically and physiogmphically, makes some name desirable, and
thut here ndopted seems most appropriate.  The mining town of Rico
is situnted in-the Dolores Valley, in the heart of the group.

15
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16 GEOLOGY OF 11 RICO MOUNTAINS, COLORADOQ.

A detailed survey of the Rico Mountains has heen mnde hoth on
account of the economic importunce of the district and ws a1 necessity
in connection with the wreal geological mapping of the San Juin and
adjaéent mountuing, now in progress.  In the course of this work the
Rico quadrmngle was Gaken up in 1897 and finished, with the excep-
tion of the small aren about Rico, where the geology was found to he
so complicated as to require an aceurnte and detailed topographical
base. 1t was also scen that an intelligent exploitation of the mincral
resources of the districl was practically impossible until such n geo-
Jogical map should be available,

I the summer of 1398 the topographical map was made, and on its
completion the geological work wus at once begun, hut could not he
finished Liefore the snowldl of carly winter. I the scuson of 1899
the work was completed.  During the work of Lthe three years moen-
tioncd Mr. Arthur C. Spencer was associated with the writer as assist-
aut geologist.  Messrs. Irnest Howe, R, D. George, and Jason Paige
served ab different times ns volunteer aids.

In 1897 Mr. C. W. Purington, assistant geologist, examined the ore
deposits of the district, but the determination to make a special map
and report rendered it desirable to have a correspondingly detailed
study of the ceonomic vesources in the following vear, and to this
duty Mr. George W. Tower, jr., was assigned, s Mr. Purington had
meanwhile resigned from the Survey.  Before prepaving his report

upon the Rico district Mr. Lower also left the Survey to engage in-

private business.  As some of the most complicated portions of the
region, including the Silver Creck Valley, were not thoroughly under-
stood during Mr. Tower’s work, a further study of the ore deposits
in the tight of the geology will be carried on by IF. L. Ransome’in the
scason of 1900.

i
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OUTLINE OF TIHTE GROTLOGY,
By Wigrrasas Cross,

LITERATURE CONCERNING THE REGION.

Huyden  Geological Survcy.—The country adjacent to Rico was
visited by geologists of the Hayden Survey in 1874 and 1876.  1n the
former year the late F. M. Endlich examined the district to the east,
the one hundred and cighth meridian, passing through’ Felescope \[oun-

tain, being apparently the general -western lbuuu<1u3 of his field of

\\mk ]n 1876 W. 11 Holmes made & mpid reconnaissance over an
enormous area of the platenu country to the west.  The complicated
geology of the Rico uplift, coming on the horder zone between the
fields of different men working in different seasons, did not veeeive
adequite nttention, und the Hayden map of this aren is, therefore, quite
unsutisfactory.

From his report. for the year 1874 it would appear that Endlich
visited Blackhawk Penk ("ht.m()n A7), appronching it from the cast,
but that he did not examine any other purt of Lhe mountain group.
Since no henefit can come to the present re port from a critical review
of Endlich’s innceurate observations and misconceptions reg: wding the

local geology, they will he passed over with brief comment.  He pub--

||ahcd two ploﬁle sections running through Blacklnwk Peak, but the
duta of these profiles, of the puhlhhwl map in the Geological At.l as of
Colomdo, and his statements of observations do not agree, and they
are unll dvcldcdly erroncous in most particalars.  What Endlich saw of
the Rico dome structure was interpreted as a rather sharp anticline
rumning along Silver Creek, Some of the intrusive sheets about
Blackhawk Pm]\ wer uln\u\cd but it is diflicult to understand on
what hasis the porphyry sheet of Hermosa Peak was extended west-
ward along the divide to the sunnmit of ‘Telescope Mountain,  Endlich
later hecame the superintendent of the first smelter at Rico, hut he
published nothing further concerning the geology of the region.

The Hayden map of the western part of the Ruu J\l()lllltnllllb is the
work of W. H. Holmes, and the inconsistencies in st atigraphy about
the hend of the Dolores River are due to the nec exsary adjustinent
between his wor k und that of Endlich.  Holmes estublished n section

21 ¢roL, T 2 —2 . 17
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18 GEOLOGY OF THE RICO MOUNTAINS, COLORADO.

of the Mesozoic formations to the west, which was (‘.X]".)l'(:Ssi\'C, ndequate
to the needs of the reconnuissance map, and in its gencrnd features is
to-day recognized as correct. Endlich, on the other hand, had estab-
lished an inadequate wand purtially incorreet steatigraphic section for
the same formations, und where these two systems of mapping came
together there wis nuturadiy a forced representation of unconformitics
by overlap which did not exist.  This explaing the drwing of the
Hayden ‘map about the Rico Mountuins,  The porphyry masses of
Elliott Monntain and Calico Penk were observed by Hohnes from a
distance and represented with some approximation to correctness.
Joha B Furish.—1n 15392 John B. Favish read o paper before the
Colordo Seientific: Soviety entitled On the Ore Deposits of Newman
Hilly near Rico, Colorado.'  ‘The deseription of the ore deposits was
preceded by some general remarks on the geology.  The structure of
the mountains was recoguized by Farish as a domal uplift, and coun-

.cerning it he says: **The elevation of the mountaing was associated in

its origin with the intrusion of u laccolitic mass of porphyritic diorite,
which may be seen ashort distunce above the town.  Thie amount of
upheaval at the center of the uplift wus several thousand feet.  Its
longer axis is ab right angles to the course of the river, nnd is so coin-
cident with the corresponding axis of the laccolite.” 1t is not evident
what outcrops were assumed to represent the large Inccolith, but the
sheet at the northern hage of Newman Hill is referred to ns an offshoot
from it. The rock of the laccolith is said to be probably a ¢ horn-
blende-nugite-porphyvite (v porphyritic diorite),” on the authority of
R. C. Hills. Taults were recognized by Furish, but probably only
the minor ones of Newmun Hill,

The sedimentary rocks about Rico arve stated by Farish to be
“Lower Carboniferous nnd Carboniferous proper,” but the grounds
for the determination are not given,

70 s Rickard.—A detailed description of the Enterprise mine was
published in 1896 by ‘L. AL Rickard, then superintendent of the mine.®
In this paper there are but few statements concerning the gencral

“geology.  The strata about Rico are said to be fossiliferous and to
belong to the Lower Carboniferous, and the common igneous rock
is called porphyrite, with w concise deseription hy R. C. 1Tills. -
Rickard refers to “a lurge dike of porphyrite” ¢rossing the valley
north of Rico, ** muking a fault which breaks the continuity of the
country on cither gide.” It would appeai that this reference, as well
as that of Farish, above noted, concerning the supposed laceolith,
must he to the mass of schists with smaldl dikes of hornblendic por-
phyry; but the position and importance of the fanlt are not further
indicated.

VItroe, Colonulo Sci. Soc, Vol TV, pp, 1812183,
TTrans A, Jost. Min, Eng., Vol XXV pp, (06-4m0,




cross.) DESCRIPTION OF THE MOUNTAINS, 19

The papers of both Farish and Rickard deal mninly with the Enter-
prise mine and give many important: details of the geology of Newman
] Hill, ns thus revealed, to which reference will he made further on in

describing this locality.

; Telluride and Lo Dlata folios.—he first results of the resurvey of
r the San Juan region, now in progress, are contained in the ‘Felluride
! folio, No. 57 of the Geologic Atlas of the United States, issued in
| 1849, The southwestern corner of the Telluride quadrangle is situ-
i ated ahmost at the northern base of the Rico Mountains, 4 miles north
of Telescope Mountain.  While the structure of the Rico Mountaing
. extends into the Telluride quadrangle hut a very short distance, the
1 Mesozoic formations there exposed are the sime scen at Rico, and the
discussion of several of them is fuller in the folio than in the prcscnﬂ
report.  But the most important hearing of Telluride geology upon
that of the Rico Mountaing is in connection with the inbrusive mon-
zonite porphyries, the stocks of granular rocks, and the surface vol-
canic series of the San Junn.  The nge of the Rico dome, the conditions

] at Rico at the period of its clevation, and other problems of loceal
( geology must hie discussed in the light of the facts observed in the
Telluride quadrangle.

) The La Plata Mountains, sitnated mainly in the quadrangle of the
L‘ " same name and lying directly south of Rico some 16 to 25 miles,
are so annlagous to the Rico Mountains in general character that their

. description in the folio now in press (Geologic Folio No. 60, La Plata) is

in 1 mensure supplementary to that of the Rico group. The domal
structure is simpler beenuse there are no profound fuults, the intrusive
porphyrics are of the same general charncter ws those of Rico, and there
arc several stocks of granular rocks, monzonite, diorite, and syenite,
cutting the porphyry sheets,

e

! GENERAL DESCRIPTION OF THE MOUNTAINS.

Lhysiograplic velutions of the wmonntuin growp.—The Rico Moun-
tains form a simall; compact group of peaks resulting from the deep dis-
L ) section of a local dome-like uplift of sedimentary and intrusive igneous
Al rocks.  This uplift appears on the castern horder of the Dolores
Platean, which is continuous westward with the Grent Sage Plain of
Utah, extending to the hrink of the Colorado Canyon.  The termina-
tion of the Dolores Platenu on the line passing through the Rico and
Ta Plata mountains is due to a change in the attitude of the underly-
ing sedimentary formations.  Beneath the plateau they are approxi-
nutely horizontal, hut on the line mentioned they come under the
influence of the monoclinal folding which has taken place in n broad
zone adjucent to the Suan Juan Mountains.
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20 GEOLOGY OF THE RICU MOUNTAINS, COLORADO.

The relations of the Rico Mountains to'the Dolores Platean ave well
illustinted by the h)pmfl.\plm., mmp of the Rico quadmngle. On that
sheet the plateau surfiuce is shown crossing the western houndury with
agencernl clevation of ahont 1,400 feet, vising very graudually for several
xmlu: and then merging info n g('ntl) dipping surface on the borders
of the Rico uplift, a short distance beyond the limits of the < eial
map. Lo the enst of the Rico Mountaing the countr
undulul,ing character, moditied by a few prominesi |
igneous rocks. LT exhibits the churacter of the zone oy . e
Rico and San Juwn Mountuing as seen frrom near the summit of Bl.\dv
hawk Peuk, the highest of the Rico group. At a distaneeof S or 10
miles rise the very rugped peaks of the San Juan.  In the middle
ground, on the vight, is Hermosn Penk, cuused by an intruded por-
phyry muss which is probably continuous with the white cliffs of Fiat
‘Top, scen on the left huund of the view. LThe low mountain with a
light-colored Imnd on its southern face, about 2 miles from Blackhawk
Peak, presents a heantiful section of the white La Dlata sundstone,
dipping grently awuy from the point of view under the influence of the
Rico uplift.

Another view of this helt of country cast of the Rico Mountains is
presented in L1 o photograph taken from the knoll (11,886 fect)
on the divide northenst of Telescope Mountain, looking cast towaurd
Hermosa Mountain,  In PLOXIX (p. 148) is showa the character of
the country between the Rico and La Plata monntaing.  "Lhe crest line
of the central portion of the view is Indian Truil Ridge, the divide
connecting the two mountain groups, which is made up of red Triassic
strata dipping nt o low nngle southwest and passing under the Jurassic
and Cretaccous beds on the right-hand horder of the view.

Drainage systrir and vegetation.—1The Rico Mountaing are cut into
two nearly cqual purts by the Dolores River, which receives all the
drainage from within the group and from its northern and southern
slopes.  On the western side a portion of the drainnge is into the West
Doloves River, und on the east heads onc of the tributaries of the
Aninas River, :

Thnber ling in the Rico Mountaing es hetween 11,500 and 12,000
feet, nnd its course may be traeed o severnl of the illustrations
accompanying the report. The trees and shrubs are those common in
the mountains of Colorado, with perhaps greater varicty than usunl in
the lower sheltered valleys,

Detarls ufj//ﬂ/mm/mjr/w —A glunce at Lhc necompany ing map (P'L
XX, in pocken) shows that the Rico Mountains consist of a circle of
high and rugged penks, divided into two crescent-shaped halves by the
Dolores Valley.  There are twelve peuks, each exceeding 12,000 feee
in elevation nhuve sea level, and the narrow crest connecting them
rarely sinks below 11,500 feet on cither side of the river.  In passing
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RECENT GEOLOGIC HISTORY.

Many of the features of post-Glacial geology ut Rico are insepurable
in origin from similur features of Glacinl and carlier time, since in
those parts of the arca thut were not covered hy the ice similar proc-
esses of general erosion and of Joeul deposition were active throughout
the Glacinl stage. For this reason, in chssing the following phe-
nomena as recent. there is no intention of limiting their age to the
post-Glacial, but mther (o indicate that the conditions which have pro-
duced them have continued down to the present time.  The vecent
phenomena of the Rico region may be classed as those of crosion and
those of deposition. ™ The Intter will include landslides, talus and ava-
Innche materials, river gravels, and spring deposits.

Dost- Glacial erosion.—1f the gravels observed hy Mr. Cross aban -
clevation of 700 feet nhove the viver on the northern edge of the
monzonite are really of glaeinl origin, they indicute n-much greater
accumulation of such débris in the Dolores Valley than would be sug-
gested by any other occurrences. Butevenif they areglacial, the work
of the river seems to have heen largely the removal of the gravels, with
little cutting into the underlying rock.  Tn Deadwood and Allyn
gulches the streams have cut down through the unconsoliduted gravels
of glacial origin, but this is n task which they could have cusily
accomplished in a short time.  Similar indications of the small effect
of post-Glacial hed-rock crosion are seen in Silver Creck, where the
stream has loeally excavated narrow canyons in the wider valley of
glacial origin, but these canyons have in no instance exposed the bed
rock to a depth of more than possibly 20 feet, and in many places the
strcam is working upon débris of very recent origin. which has- been
thrown into its channel from the side gulches and ravines.  All the
evidence serves to point to the receney of the glacial oceupation and
to the small mmount of crosion which has since ensued.  The present
topography is in no essential feature different from whateit was pre-
vious to the accumulution of the ive.  Before that the streams had
found their present conrses and had practically assimed their present
grades.  Greatly in excess of any topographic changes due to erosion
are those attributable to the constructionnl fentures which are dis-
cussed in the following parngraphs.

Varietios of swrtuce deposits.—"The surface deposits nt Rico are of
very diverse characler and oviging and, as hag been seen in the dis-
cussion of the glacinl gravels, they are not. easily separable as to orvigin.
They are very troublesome to the geologist, since they cover the cen-
teal part of the region to such an extent that it has heen found impos-
sible to work out the geology of the solid rocks underlying.  Conse-
quently it is neeessary to represent them on the map, and for this
purpose five distinct patterns have been used to distinguish (1) areas
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made up principally of landshide material : (2) valley gravels: (8) aflu-
vial cones; (4) spring deposits; (5) nmaterials of other origing <uch as
uvaliche, glacial, and surface wash.

Landsl ides.—The most important surface deposits in the Rieo Moun-
tain ure of landslide origin.  One such slide has wmaterinlly altered the
grade of the Daolores River north of Rico. others have chunged the
profile of MHorse Gulch, while still others lend their charaeteristic
psendo-glacinl topography to the mountain slopes in severl places,
This feature of the Rico region has heen speciadly studicd by Mo
Cross, nnd its description and discussion are given a separte chapter
in this report.

Tulus.—Acemnulations from the wasting of eliffs are related in
origin to landslides, but are composed of nany small blocks loosened
by frost netion or by heavy riins, whereas ndstides; though they
may eventaally hecome very much hroken e at liest essentially lrge
nmsses. | Talug forms wre of frequent oceurrencee at Rico, and while
inauny cases, especinlly in the lower pts of the mountains, their
even slopes nre covered  with vegetation, in other eases they arve
entirely bare and then suggest the manner in which they were formed,
munely) by the rolling und =liding of foose rock frugents under the
action of grnvity.  They are well illusteated in severnd of the accom-
panying plates, particularly in PL VI (o 28)0 showing the steep talus
at the base of the Sandstone Mountain elifls, and in the view of Calico
Penk (PL VI, p.32) and that of Blaekhawk and Dolores peaks from the
north (L 1V, o 24). The long talus streams upon the west slope of
Nigger Baby 111 ave lurgely derived from the mines which are situated
at their heads, hut the whole adjancent slope is covered by watural talus
or wash throngh which.very few outerops appear. -

Related to talus are the materinls dislodeed by avalanches and
deposited where their foree is spent. Muoch of the loose material
upon Newman and C. IT. C. hills has been brought down in this way, and
the paths which have been cut through the timber upon the western
slope of Dolores Mountain may be made out. from the photograph of
thisslope (PL TIT, p. 22).  Other ravines than (hese, which have heen the
tracks of snowslides, may he seen at various places. Some of the best
marked nre on the south side of Burnett Creek, upon the flnlk of
Landslip Mountain,

The deposits of Papoose Guleh nnd in the head of Margnerité Dieaw
west of Mount Elliott have been mentioned in discussing the glacial
phenomena, where they are considered us connected with former great
snow hanks.  Probably this is, in part at least, their trae origing but
avalunches may have been also concerned in their formation,

Surfuce wush.—In regions where the agents of erosion have heen
as active as ut Rico rocks do not decay in situ by surface weathering,
and consequently residual soils, such as cover the rocks in many low-

21 crou, 11 2——11
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lying regions, do not accumulate.  Surface wash is composed almost
entirely of fragments derived from the higher slopes of the mountains,
or from the disintegration of landslides which, gradudly moving
toward the valleyvs under such effcctive aids to gravity s snow, rin,
and frost, have heen spread in varying thickness over extensive slopes,
hiding the undevlying formations was completely as have the more
wassive surface deposits.  As may be inferred from such an origin,
the materials of the surfuce wash are us o rule more completely pul-
verized than the other forms of surface deposits.

Asin the cascof all the surface deposits, the representation of surface

wash on the map is generalized and the indieated boundaries are to be’

taken as wpproximite.  The svmbol ander which they are included is
intended to apply 1o all arcas not referable to the three classes of land-
slides, valley deposits, and alluvinl.fans, Tt thus comprises the materi-
als of mixed origin covering Newman Hill snd the opposite slope west
of the river.

Valley deposits.—The valley deposits of the Rico region comprise
the gravels of the present flood plain of theriver.  They consequently
oceur in a bund neross the aren and hordering the river, hut inter-
rupted above Horse Gulch by the great landslide at the base of C. 11 C.
Hill. This mass of rock which has been projected into the valley has
pushed the strewm syguinst the western bank of the canyon, where it is
now cutting in the solid rocks of the lower Hermosa.  As may be seen
by referring te the topographic map, it has interfered with the natural
grade of the river, which is now abnormally steep udjacent to the <lide
block upon the lower side and as notably low in the reach upstream
from it. The hundslide at first formed a dam aeross the river, causing
slack water for perhaps u mile and @ half upstrewn. From the even
spacing of the contours helow the dam it is believed that the oviginal
stream bed at the lower end of the Burns meadow is approximately
75 feet below the present position of the river, the sume figure repre-
senting the thickness of the materials deposited by the river at this
place. - Tf the same spucing which is noted helow the Lwndslide were
continued upstrenm the 9,050-foot contour would have approximately
its present position, so that it may be taken to represent about the
upper limit of theefleet of the landslide o changing the stream grade.
From the dam to the present crossing of this contour the distance is
slightly in excess of L mile, and the fall of the stream is not more
than 25 feet, or less thun one-fourth the noviual fall for this distance.
The northern edge of the landslide block and the flat above it are
shown in Pl. XVI (p. 142).

The materials of the valley deposits are conrse gravels and sands
which the river has derived from its tributaries and which it has rolied
along and distributed within its immediate valley.

Alluvial funs.—The steeper gulches which open directly into the
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Dolores Valley have nll afforded detritus faster than the river has been
able to carry it off, so that the débris brought down hy the side streams
has accwmulated in conical banks at the mouths of the gulches.  Such
accumulations wre commonly known as alluvial fans.  They are a
characteristic feature of the union of streams of stcep grade with
those of low declivity, since the transporting power of the steeper
strenms is suddenly diminished when their grade is reduced.  Theside
strens at Rico do not at ovdinary times ey any appreciable load of
gravel, trunsportation being confined to times of flood.  Heavy showers
und cloud-bursts sweep débris into the steep gullies, and this, carried
down to the main valley, is dropped, andLhe channel of the stream
becomes inelosed by nutural dikes, so that on hecoming choked at any
time the torrent will tuke a new course and, changing from time to
time, will finally have swept through an are limited by the valley
walls und varving in width from 90 to 120 degrees.” It is by thus
changing its channel that the stream is able to build up the conical
heap at its mouth. :

At Rico many of the charnateristics of alluvial fans are beautifully
ilustrated.  An inspection of the map will show the extent of the
principal ones und the different relative positions of the stream chan-
nels upon the cones, and in several cases the contouring indicates the
lines of former clnnels.  "Che typical appenrance of the alluvial fans
ix shown in"PL XXIT, from a photograph of the Aztee fan taken ata
point upon the enst side of the river near the wagon road. ~ In this
ange the present channel is central. Other abandoned courses may be
made out in the aspens on the north side, and another exists along the
southern edge but enn not he seen in the illustration.  An interesting
fenture also shown in this photograph is the smaller fan which has
heen formed in front of the larger one. From the relations exhibited
it appemrs that the great fun originally extended farther to the eust
than at present, but that the river in shifting its course was thrown
weningt its bhase and cut away its lower portion, producing the steep
hanle now exhibited.  During this period of catting the channel on
the fun probably had a location different from the present.  Since the
channel was located at the position which it now has a secondary fan
lms been formed by material, a portion of which seems, from the
depth of the channel, to have been derived from the upper part of
the mnin fan.

Other fans than those represented oceur in Silver Creek at the mouth
of Allyn Gulch and of the next guleh above upon the south side.  Also
n portion of the surface materials upon the hillside west of Rico may
have been formed in the smne manner as the fans of the lower valley,
which they very closely resemble as topographic features.  These have
not heen distinguished from the adjacent surface débris.

Calcareous spring deposits.—The Rico Mountains wre well watered,
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and even in the driest seasons most of the gulehes contain very con-
sidernble streams which are fed by sprimgrs. The water of the springs
is uswally impreguated cither with lime or with iron. prohably of
rather superficinl origin, and loeally these ingredients arve frequently
present in suflicient wnounts to separate from solution and form depos-
its upon the surface or in the interstices of gravel or other loose sur-
fuce muterinls.  In some eises the waters, besides their minerad con-
Ltents, nre dimoregnited or necompanied by guses, such ax sulphurcted
hydrogen and earhonic avid gus.

The generally calenreous mtanve of the spring water at Rico is a
direct result of the vichness of the prevailing sedimentary formations
of the central region in carhonate of lime, but in most cases the mmount
of the mincrd held in solution is not suflicient to give vise Lo important -
deposits of tufa, Theve are, however, several such deposits which are
situated upon the lower slopes in loealities where loose materials cover
the solid rock for somo distanee above the springs=.  From this relation
it scems likely that the waters tavel underneathy the surfuce of the
ground from the higher clevations and, percolating through the loose
surface materials, dissolve en route eavhonate of lime, which they rede-
posit upon emerging at the surface, partly by evaporation and loss
of carbonic ucid and partly through the ageney of the animalx and
plants which inhabit. the hogey places about the springs.  T'he lime is
frequently deposited in suchia way that pondsare formed, and in these
small snails find o congenial habitat, the shells of suceessive genera-
tions gradually adding (o the growth of the Time deposit. Moss grow-
ing in the hogs is contimully saturated in the enlearcous water, and
beeonies ab first coated but finally entively impregnated with the lime,
giving rise to aspongy mass which-is of ten found near the Tane springs.
Grasses, leaves, and twigs fulling where the water can trickle over
them are quickly entombed, and upon deenying leave their character-
istic forms impressed upon the resulting roek. Laaf impressions may

be found at almaost any of the spring=: they are expecially well shown
in the deposits above the wagon road south of Horse Gulch.

"The principal deposits of enlenrcous tufi have been ontlined on the
map, by reference to which their extent and distribution may he seen.

At one locality the tafa has been quanrried Ffor a kil and has found
a consideruble use, since it is convenienly located and produces lime
of good quality.

Ferruginous depoxits.—lron-henring springs oceur at severnl places
in the Rico Mountains, mnd have left loeal deposits of iron oxide,
cementing surface débris and forming what is commonly known as
“iron cap.”  Though oceurrviiigatother places, these ferruginous con-
glomerates ure expecinlly in evidence in Silver Creek nbove the Fort
Wayne tunnel, in the upper partof the northern and western branches

- of Horse Gulch, and in the lower part of Hovse Guleh at the hase of
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the northern kndslide aren. Their origin is probably connected with

" the oxidation of iron pyrites, but their occurrence can never be safely

tnken as aclue to the proximity of hurwe hodies of that imineral.

(las springs.—Emanutions of earbonic neid gus and of sulphureted
hydrogen accompany nmny springs of water in the Rico region.  The
former is continually eseuping in lurge quantities in the central part
of the dome, while the Intter is noted in many places on the west side
of the mountain group in the dminage of Stoner and Bull crecks.
Both gmses doubtless have their origin in chemical changes which are
going on at a greater or lesser depth beneath the surface, and the
witers with which they are associated may or may not be of deep-
seated origin, To some places they certainly are not, for in the cuse
of the sulphur springs the water increases and diminishes with the
huwmidity or dreyness of the season, and at certain times the flow of
water censes entirely, but the gus continues to esenpe. Tt appears that
in such instunees the guses have found the sne channels along which
the waters are cireulating und that the two mmix and eseape together.
In like manner it is notable that the earbonic aeid gns, which is eseap-
ing in lurge quantitics in various places, is far in excess of the amount
which cun he absorbed by the water with which it issues, and in mine
workings the gus is frequently encountered where it flows up from
crevices withoutany waterntall.  Inone of the horings of the Atlantic
Cuble’Company, made several years ago, a flow of uns was tapped
which, being confined, is said to have had a pressure of wore than 50
pounds and to huve maintained it, with slight decrease, to the present
time. A similar pressure is oveported to have been shown by gas
encountered in n bore hole in the Rico-Aspen workings.

Several tunnels in the west hank of the Dolores at Rico bave struck
enrbonic acid gus eseaping from many fissures in the highly shattered
rocks in the vicinity, and a spring of water strongly charvged with this
ans bubbles np through the gravels of the viver bed not far from the
Shamrock tunnel,

Several of the ecnrbonic springs at Rico are locnlly known as “soda
springs,” and, while no analyses have been made of their waters, there
is no reagon for doubting the correctness of this designation.  Their
waters are highly charged with gus, an excess of which escapes in the
form of hubbles, nnd wre cool and of w delicions flavor, resembling, in
this respect, the waters of known soda springs at other localities in
Culorado.
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SUMMARY

developed in any of the geologic units delineated by the principal map. Therefore,

There is a possibility that natural resources may be discovered or further

consideration must be given to the diverse future needs in areas of high develop-

ment potential. The following examples point up the multiple use potential for

some of the map units.

1. Alluvial deposits are a primary source for construction
materials, such as sand and gravel, and are commonly found
in stream valleys which are suitable for agricultural and
residential development. Abandoned quarries can be
developed into recreation sites.

2. Sedimentary rocks are host for fuel and energy resources
(uranium, coal, gas and o0il), and these rocks underlie many
existing large communities in the Planning District.

.3. Igneous, metamorphic and volcanic rocks locally yield signi-
ficant amounts of metallic minerals. These areas are also
attractive to recreational community developers.

Bl ASRA O NE el e

Massive land movements or other unstable surface conditions are found most [

commonly in areas having moderate to extreme topographic relief and abundant
moisture. However, this generalization is too restrictive for Planning District 9. X

The Mancos and Lewis shales are potentially troublesome even in areas of low topo-

graphic relief. These clay-rich rocks are seen to creep or move slowly down gentle
slopes where they are poorly drained and/or altered by construction. The potential
for unstable surface conditions must be evaluated carefully for every proposed
development site.
The need for soil investigations at all construction project sites is seen
dramatically throughout the District. Many public and private buildings have
structural damage which has been caused, at least in part, by swelling or settling
soils. The life of any structure can be pro]onged'significant1y by proper foundation
aesign‘based on good soil engineering data. . 1

General areas of flood danger or erosional hazards are found in association
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with all drainage basins located within Planning District 9. The history of
flooding within the District may fail to properly emphasize the importance of

this observation. However, as the populatior density increases, so will the number
of structures situated on flood plains. Planning efforts must take this fact into
consideration and regulaté development on flood plains to prevent future tragedies
and economic 1oss.

Areas of high water table, both permanent and seasonal, are found throughout
the District. This tfoub]esome feature is related directly to geology and precipi-
tation. Little control is available for regulating precipitation, but geologic
investigations will delineate areas where rock materials have poor permeability and
can point up corrective measures which will enable developers to make safe use of
such land. ‘

The text of the report clearly points up the fact that not all rocks nor
physical settings are suitable for solid waste disposal sites. Geologic evaluations
must be made to detérmine whether the rock material in question is workable and will
provide an effective seal, and whether there is any danger of pollution to a community
water supply. MWith these quidelines, planners can be aware of special studies needed
to meet public health gtandards.

There is a distinct possibility that mine dumps found throughout the
District may be contributing to environmental pollution or preseﬁting hazards
to the unwary developer. The intensity of the problem will be related to the type
of mine (such as the subsidence or the water contamination potential associated
with coal mines) and the proximity of the mine to streams or water bearing rock
units. Thorough investigations and reclamation projects may have to precede
cevelopment work in some of the intensively mined areas within the District.

Many critical geologic factors affecting planning and devé]opment are

explained in the text of the report. This information provides guidelines to




those responsible for protecting public interests within the District. Appli-
cation of this data will help to ensure safe, efficient and environmenta]]y sound
land use decisions. In summary, the need is stressed for site-oriented geologic
and engineering investigations to evaluate problems and provide solutions for

specific land use proposals.




PHYSIOGRAPHIC FEATURES

The five county area which comprises Planning District 9 is situafed in the
southwest corner of Colorado. The Continental Divide is located near the northeast
side of the District - lying within parts of the eastern sides of Archuleta and San
Juan Counties. Elevations are seen to range (southwest to northeast) from 4,900
to 14,250 feet above sea level. The mean elevation is approximately 7,500 feet.
The region can be described as mountainous, although the westeén and southern areas
are part of the large physiographic province called the Colorado Plateau (Figure 3).
The plateau region is digsected by drainage patterns which provide topographic
continuity to the rugged.nature of the alpine region. Principal rivers flow in
south-southwest directions across the region with the exception of a part of the
Dolores River which flows northwest through the northwest corner of the District.

H

GENERAL GEOLOGY

Figure 4 i]]ustrates.the geologic evolution of the State of Colorado and
lists the geologic events for P]annihg District 9 in the order of occurrence.

This synopsis shows the development of the various geologic units which eventually
formed the present features of the area. A numerical cross reference is provided
for the two parts of Figqre 4 so that comparisons can be made between local and
regional geologic events.

The geologic history of the Earth goeé back approximately four billion years
when the Earth was probehly nothing more than a moiten mass. The geologic history
of interest to this report began about two and one-half billion years ago during the
Late Precambrian Era as masses of various types of sedimentary and igneous rocks
were repeatedly formed, buried, altered, uplifted and injected with new igneous
bodies. About 600 million years ago, the first well-defined geologic periods began.
The first was the Cambrian Period during which sand and lime accumulated in the sea

which covered the District. Approximately one hundred million years later, the
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GEOLOGIC EVENTS IN PLANNING DIST. §

Qlaciers cover the San Juan Mts. and carve present

landforms.

Extensive volcanism: Silverton Caldera formed. -
ROCKY MOUNTAINS UPLItTED: San Juan Basin subsides.

Lime and mud daposited in eastern Colorado as seas deepen:
Sand deposited in western Colorado from landmasses in Utah.

Sands deposited in shallow seas covering the entire state.

Mud and sand deposited from a low landmass in central

Colorado.
[ §

Mud and sand deposited irom mountain renants in central

and we:t central Colorado.

Frequent uplift and subsidence of land, advance and retreat
of seas. ‘

Sand and mud deposited in the shallow seas covering the
Paradox Basin as the mountains erode and subside.

Salt deposited in the Paradox Basin.

Mountains uplifted in the central and southwest portion of
the state; Paradox Basin subsides.

A low landimass emarges in the northeast portion of the
District.

Lime deposited in scas covering the District.

Landmass subsides to become a shallow sea.

District is uplifted to form a low landmass.

District is covered by shallow seas; lime is deposited.

All of earth history to the Ciambrian occurs in the Precambrian,
little of which is preserved in the rock record.

Figure 4
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Ordovician Period began with the gradual uplift of the region effecting the with-
drawal of the sea and terminating the deposition of sediments. The veaien vemained
positive (a land area) throughout the Silurian Period. Slightly more than 400
million years ago (Devonian Period), the area was submerged and lime sediments
accumulated in the shallow sea. Later, during the Mississippian Period, a broad
region was uplifted to form mountain ranges in approximately the same location as

the present Rocky Mountains. During the Pennsylvanian and early Permian- Periods,

the southwestern part of the District was subjected to alternating times of emergence
and submergence. Shallow marine sediments consisting of sand, clay and salt
accumulated in the region. Between 250 and 130 million yedrs ago, Late Permian to
Early Cretaceous time, the pattern of alternating uplift and subsidence of the land
continued. Sediments forming in these seas included sand and‘clay, but not evaporites
such as salt and gypsum. Shallow seas covered the entire State during the Cretaceous
Period, and most of the sedimentary rocks that are found in the area today were
deposited during that time. About 70 million years ago, the Tertiary Period began
with extensive volcanism and mountain vuilding movements. During that period, the
San Juan Mountains were formed and the San Juan Basin subsided to form a small sea.
This sea was probably an inland sea much as the Great Salt Lake is now. It was
during this time that the Rocky Mountains were uplifted to their present position.
Approximately 1 million years ago, during the Quaternary Period, much of the area

was covered by mountain glaciers which carved the present land forms. In Recent

Time, erosion of these land forms has produced the topographic relief seen today.

HOW TO USE THIS REPQRT

This report has been prepared specifically for Planners and other Public
Officials who share the broad responsibilities for making safe, effective and

environmentally sound land use decisions. It has been assumed that those reading

e  s;ar *=ms sapse sunams e




PA Guidance
. EPA Region VIlI
August 1993

‘ ATTACHMENT Il

CERCLA ELIGIBILITY WORKSHEET

EPA CLOSEQUT COPY

Project No. _q_lg.&_
e 4L £0 81028
. [ original ] Copy




PA Guidance
EPA Region Vill
August 1993

CERCLA Eligibility Worksheet

Site Name ¥ico - /hgeuwhue

City R.co ’ State (olovado

EPA ID Number 0D 9809 S25 19

Note: The site is automatically CERCLA eligible if it is a Federally owned or

operated RCRA site.

CERCLA Eligibility

Did the facility cease operations prior to November 19, 19807

If YES, then STOP. The facility is probably a CERCLA site.
If NO, continue to part ||

RCRA Deferral Factors

Did the facility file a RCRA Part A
application?

If YES:

ot o o oo

Does the facility currently have interim status?
Did the facility withdraw its Part A application?
Is the facility a known or possible protective filer? (filed in error)
Does the facility have a RCRA operating or post closure permit?

\

Fo

Is the facility a late (after 11/19/80) or non-filer that has been identified
by the EPA or the State? (facility did not know it needed to file under

RCRA)




PA Guidance
EPA Region VIl
August 1993

Type of facility:
Generator Transporter Recycler
TSD (Treatment/Storage/Disposal)

P

If all answers to questions 1, 2, ar;d 3 are NO, STOP. The facility is a CERCLA
eligible site.

If answer to #2 or #3 is YES, STOP. The facility is a CERCLA eligible site.
If answer to #2 and #3 are NO and any other answer is YES, site is RCRA,
continue to part lll.

. RCRA Sites Eligible for the NPL

Has the facility owner filed for bankruptcy under Federal or State
laws?

No

Has the facility lost RCRA authorization to operate or shown probable
" 3 » . \
unwillingness to carry out corrective action? Nia

Is the facility a TSD that converted to a generator, transporter or recycler
facility after November 19, 19807 \dn

V. Exempted substances:

Does the release involve hazardous substances other than petroleum? Ve s
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V. Other programs: The site may never reach the NPL or be a candidate for
removal. We need to be able to refer it to any other programs in EPA or state
agencies which may have jurisdiction, and thus be able to effect a cleanup.
Responses should summarize available information pertaining to the question.
Include information in existing files in these programs as part of the PA. Answer
all that apply. 7

Is there an owner or operator?

s Riwo Dwdego-m’f locp-

NPDES-CWA: Is there a discharge water containing pollutants with surface
water through a point source (pipe, ditch, channel, conduit, etc.)?

Act‘é' vm\.u. u.so.k/ é\;cb\b'iﬁ

CWA (404): Have fill or dredged material been deposited in a wetland or on
the banks of a stream? |s there evidence of heavy equipment
operating in ponds, streams or wetlands? ) .

Setlin g ?owc)b on bepks of Dulores Q\m’.r’ Sl Cradde

UIC-SDWA: Are fluids being disposed of to the subsurface through a well,
cesspool, septic system, pit, etc.?

TSCA: Is it suspected that there are PCB’s on the site which came from a
source with greater than 50 ppm PCB’s such as oil from electrical
transformers or capacitors?

FIFRA: Is there a suspected reiease of pesticides from a pesticide storage
site? Are there pesticide containers on site?
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RCRA (D): Is there an owner or operator who is obligated to manage solid
waste storage or disposal units under State solid waste or ground

water protection regulations?

UST: Is it suspectad that there is a leaking underground storage tank
containing a product which is a hazardous substance or petroleum?
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April 13. 1994

Mike Carr

URS Consultants. Inc.

1099 18th Street, Suite 700
Denver. CO 80202

Dear Mr. Carr:

The Colorado Natural Heritage Program (CNHP) is in receipt of your recent request for

information regarding the Brighton-Ft. Lupton Landfill and the Rico-Argentine Mine. In

response, CNHP has searched it’s z’n‘m gical and Conservation Datasystem for natural

heritage resources (occurrences of significant natural communities and rare, threatened

or endangered plants and animals) documented from TIN R66W and T40ON R11W.
According to the information currently in our files, there are no occurrences ¢ f
significant natural communities or rare, threatened or endangered species documented
fraom within the four-mile radius of the Brighton-Ft. Lupton Landfill site. However,

‘ there is one oceurrence of Eustoma russellianum (also known as Eustoma grandiflora,
Showy prairie gentian, approximately 15 miles downstream, west ol the South Platte
River in the vicinity of Lvons Road, north of Colorado Hwy 66 and wesl of Read 23.

This species is ranked very comimon globally, but is considered rare 1o uncommon in

Colorado and is under review for federal hmn;:. A 1989 report indicated that habitat

for this species has been intensively grazed and/or cultivated over the past 100 years,

causing concern that this species could be disappearing (Jennings, 1989).

*Rv;‘“ w ¥

ine Mine project area indfcated an cccurrence of one

ity within the four-mile gadius of rhe site, as well as two

A review of the Rico-Arge
x)u nificant natural comm
additional occurrences of significant natural commyinities within the 15- mile
downsiream limit. Populus angustifolia-Picea pungens/Alnus incana. a montane
riparian forest, can be found along the east bank of the Dolores River within four miles \¢
of this P_-‘LLI area/An occurrence of an Abies lasiocarpa/ \lmns incana, d]l\\n o..”
drummondiana montane riparian forest has been-deeumented 1.5  miles up Priest Cree

trail from the Dolores River. Both of thtSe communities are ranked rare to unmmnum{
\ both globally and in_Celorado. Also, a 1991 field survey reported that threats to the )
communily-A; lasiocarpa/A. incana/S. drummondiana include erosion, flooding. and

E Y B
QrHzing (Kittel & Lederer)s TPnpulnc angustifolia/Cornus sericea montane riparian
forest occurs along the Dolores River dppu.\mmu lv 15 miles downstream. This natural

community is ranked very rare globally and in Colorado. Alteration of the hydrologic
regime may adversely affect these natural communities.
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While the information contained herein represents a thorough search of the CNHP’s
Biological and Conservation Datasystem, any absence of data does not necessarily mean
that other natural heritage resources do not occur on or adjacent to the projecr site, but
rather that our files do not currently contain information to document rheir presence.
CNHP’s datasystem is constantly growing and revised. Please contact CNHP for an
update on this natural heritage information if a significant amount of time passes before
it is utilized.

Sincerely,

Aol %W
s
/ |
Katherine E. Pague
Informarion Manager
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STATE OF COLORADO REFER TO
Roy Romer, Governor
DEPARTMENT OF NATURAL RESOURCES

DIVISION OF WILDLIFE

AN EQUAL OPPORTUNITY EMPLOYER

Perry D. Olson, Director

goso B'?:a?w:‘éo 802186

. olor »

Telephona: (303) 297-1192 For Wildlife—

151 E. 16th St. For People
Durango, CO 81301

303-247-0855

June 6, 1994

Mark Carr

URS Consultants

1099 18th St., Suite 700
Denver, CO 80202

Dear Mr. Carr,

This letter is in reference to your request for State sensitive
wildlife species in the Rico, Colorado area. I have conferred with
Rich Lopez, District Wildlife Manager (CDOW), who works the Rico
area. To our knowledge there are no threatened or endangered
species resident in the Rico vicinity. The Boreal toad (Bufo
boreas) may inhabit wetland stream or pond areas, but there have
not been any studies conducted to verify their presence or absence.

The Dolores River above Rico experiences heavy fishing pressure.
The Division of Wildlife stocks fish in the river through the town
of Rico. The upper head waters of the Dolores support a viable
native cutthroat trout fishery. Silver creek has virtually little
aquatic life because of the heavily mineralized water below the
mines (first two miles). The Division has stocked native cut-
throat trout approximately 2 miles above the town in Silver creek
and they are doing relatively well.

The Dolores River was one of the target drainages to re-introduce

the River otter, a State endangered species, but to our knowledge
they are not present this far up the Dolores River drainage.

If T can help you further with your project please feel free to
ask.

7222212&“/75; Cordes— EPA CLOSEOUT COTY

Ruth Lewis Carlson

Habitat Biologist e, 11 B8
Log No. Al RO,B‘OZZ
cc: Clark, Zgainer, Lopez L) et 1 Soee

DEPARTMENT OF NATURAL RESOURCES, Kenneth Salazar, Executive Director
WILDLIFE COMMISSION, Thomas M. Eve, Chairman ¢ William R. Hegberg, Membere® Louis F. Swift, Vice Chairman ® Mark LeValley, Member
Rebecca L. Frank, Member * Eldon Cooper, Member ® Arnold Salazar, Secretary * Jesse Langston Boyd, Jr., Member




United States Department of the Interior

BURFEAU OF RECLAMATION

DENVER OFFICE
P.O. Box 25007
IN REPLY REFER TO 5
D-5724 Building 67, Denver Federal Center
RES 20 Denver, Colorado 802250007

May 25, 1994

Mr. Mike Carr

URS

1099 18th Street, Suite 700
Denver CO 80202

Subject: Water Quality and Sediment Data on the Dolores River

Dear Mr. Carr:

As per your request, I am enclosing the water quality and sediment data that
Reclamation’s Durango Office collected on the Dolores River. The samples span
the period from 1989 through 1993. The data files are on the enclosed diskette
in LOTUS® version 3.1 format. The water quality data are included in the file
WTR-QUAL.WK3. The water quality data were analyzed at several different
laboratories, which are identified in the data files. The sediment data are in
the file named SEDIMENT.WK3. The sediment analyses were performed by the
Geological Survey Geochemistry Branch Laboratory here in Denver.

As we discussed on the telephone, I am enclosing a copy of the preliminary draft
of a report on the analysis of the Dolores data that I have been preparing. The
report deals with the data collected through 1992. The additional water quality
and sediment samples collected during 1993 were a result of the report. It
should be noted that the enclosed report has undergone absolutely no review. I
stopped work when it became apparent that the initial hypothesis on which the
study was designed, i.e., that the source of mercury in fish in McPhee Reservoir
was in the Rico Mining District, was not supportable based on the data. There
were several alternative hypotheses that could be investigated. One of these
concerned air-borne mercury from powerplants to the southwest. An investigation
conducted by the EPA's Environmental Monitoring and Support Laboratory in
Las Vegas during 1977 indicated that the vast majority of the mercury emitted by
the Four Corners Power Plant moved off site. A copy of the summary sheet from
that report is also enclosed for your information. Another possibility was that
the source of the mercury was a tributary nearer the reservoir. The 1993 samples
focus on the lower reaches of the river. This aspect of the problem is not
addressed in the report.

The enclosed report is very preliminary. It contains no discussion or
conclusions. Any conclusions drawn from what is presented in the report will
have to be your own. I will respond to any questions that might arise in
relation to the material in the report. I can be reached at 303/236-3778.

Sincerely,

> ‘%a,[ﬂ Lo

Jim Yahnke
Hydrologist ppa | OSEOUT COPY
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DOLORES RIVER WATER QUALITY IMPROVEMENT STUDY
Sample Station Locations

SURFACE WATER STATIONS:

STATION LATITUDE LONGITUDE DESCRIPTION
ORDOLOIT 37-46-27.5 N 107-58-47.5 W Barlow CK. near mouth at the bridge
DRDOLO2T 37-46-37.5 N 107-58-43.75 W Dolores River just above confluence with Bartow Ck.
DRDOLO3T 37-43-31.25 N 108-01-48.75 W Dolores River at Peterson Slide
DRDOLO4T 37-645-30.0 N 108-07-38.75 W Geyser Ck. near the mouth
DRDOLOST 37-47-18.75 N 108-05-10.0 W West Dolores River approx.1/8 mile above Cold Ck.
DRDOLOGT 37-40-02.5 N 108-02-12.5 W Dolores River at Rico City Park
DRDOLO7T 37-39-38.7 N 108-02-37.5 W  Scotch Ck. near the mouth just above the bridge
DRDOLO8T 37-38-37.5 N 108-03-26.25 W Dolores River at the Montelores Bridge
DRDOLO9T 37-35-13.75 N 108-21-30.0 W Dolores River approx. 1/8 mile above confluence with West Dolores River
DRDOL 10T 37-42-01.25 N 108-01-42.5 W Silver Ck. near the mouth at the bridge
DRDOLI1T 37-43-25.0 N 108-01-50.0 W Dolores River at the bridge above Rico
DROOL12T 37-28-27.5 N 108-30-15.0 W Dolores River at Dolores-USGS gauging station (sampled by Cortez)
DRDOL 13T 37-37-16.0 N 108-03-42 W Wildcat Creek near mouth
DRDOL 14T 37-34-26.0 N 108-11-02 W Bear Creek near mouth
DRDOL 15T 37-30-59.0 N 108-22-47 W Rock Spring Creek near mouth
DRDOL 16T 37-39-28.0 N 108-18-37 W Cottonwood Ck about 0.25 mi. above West Dolores Road bridge
DRDOLA7T 37-34-14.0 N 108-38-01 W Taylor Creek near mouth
DRDOL 18T 37-35-08.0 N 108-09-19 W Priest bulch near mouth
DRDOL 19T 37-35-57.0 N 108-06-23 W Roaring Forks Ck near mouth
DRDOL 207 37-35-26.0 N 108-18-55 W Stoner Creeck near mouth
DRDOL21T 37-34-43.5 N 108-14-02 W Fish Creck near mouth
DRDOL22T 37-45-21.0 N 108-07-45 W Geyser Ck Hot Spring necar West Dolores River below Geyser Ck
DRDOL23T 37-46-47.0 N 108-05-14.5 W Cold Creek ncar mouth
DRDOL24T 37-35-23.0 N 108-21-046.5 W West Dolores River ncar mouth
DRDOL25T 37-28-06.0 N 108-30-26 W Lost Canyon Creek near mouth
DRDOL26T 37-45-21 N 108-07-45 W West Dolores River below Geyser Creek by Hot Spring.
DRDOL27T 37-43-42 N 108-15-39 W Fish Creeck below spring and 1/4 mi. below DRDOL21T.
DRDOL28T 37-40-00 N 108-02-07 W SPring or old mine flow below Rico CO above Rico City Park.
DRDOL29T 37-43-31.25 N 108-01-48.75 W Spring of flow out of old buried mine shaft by DRDOLO3T.
DRDOL30T 37-30-20 N 108-23-20 W Outflow from Wallace Reservoir at mouth prior to Dolores River.
DRDOL31T 37-45-46.25 N 108-59-26.25 W Coal Creek 1.5 miles down from confluence of Barlow and Dolores River.
DRDOL32T 37-42-51.25 N 108-02-05 W Horse Creek by ranger station north of Rico CO.
DRDOL33T 37-37-1.25 N 108-5-27.5 W Tenderfoot Creek 1.5 miles below Wildcat Creek.
DRDOL34T 37-37-00 N 108-5-23.75 W Tenderfoot Creek below pond 1.5 miles below Wildcat Creek.
DRDOL35T 37-36-31.25 N 108-17-30.06 W Loading Pen Creek half-way between Taylor and Stoner Creeks.
DRDOL36T 37-35-37 N 108-08-7.5 W Section House Creek 1 mile east if Priest Creek.
DRDOL37T 37-35-47.5 N 108-07-45 W School House Creek about 1.5 miles east of Priest Creek at DRDOL18T.
DRDOL38T 37-35-33.75 N 108-07-53.75 W Rio Lado about 1.5 miles east of Priest Creek at mouth to Dolores River.
DRDOL39T 37-34-59.12 N 108-17-47.5 W Garrison Canyon Drainage and flows from Sutton and Knuckles Reservoir.
DRDOL4OT 37-44-43.5 N 108-14-50 W Ground Hog Creeck prior to Fish Creek
DRDOL4IT 37-44-00 N 108-44-00 W Fish Creek above confluence with Ground Hog Creek
DRDOL42T 37-42-15 N 108-00-00 w Silver Creek above mines-upper station (will show background quatity)
DRDOLA3T 37-42-15 N 108-00-50 W Silver Creek below settling ponds-midpoint station
42.5

DROOLA4LT 37-42-01.30 N 108-01-42.5 W Deadwood Gulch Flow

REVISED May 23, 1994




italian Canyon flow

Dolores River 1/2 mile below Station DRDOL3OT

Abandoned geothermal well by Argentina Mine above Rico

Poor Boy Mine drainage

Dolores River just below confluence with Silver Creek (D-4)

Dolores River 2-miles above Rico (D-2)

Dolores River below Rico between tailings and old dump (at graveyard)
Dolores River below confluence with Bear Creek

Dolores River just above confluence with Barlow Ck.(DRDOLO2T)
Dolores River about 1/8 mi. above confluence with W Dolores R
Dolores River at Dolores

Dolores River at Peterson Slide (DRDOLO3T)

Dolores River at Dolores (D-11) (DRDOL12T)

Dolores River 1/2 mile below DRDOL3OT (DRDOL46T)

West Dolores River near the mouth (DRDOL24T)

Dolores River below confluence with Bear Creek (DRDOL52T)
Dolores River 2-miles above Rico

Dolores River at the bridge above Rico (DRDOL11T)

Dolores River just below confluence with Silver Ck.

Sitver Ck. near the mouth at bridge (DRDOL10T)

Dolores River below Rico at graveyard

Dolores River just above confluence with Scotch Ck.

Scotch Ck. near the mouth just above the bridge (DRDOLO7T)

STATION LATITUDE LONGITUDE DESCRIPTION
DRDOL45T NWi/4 SE1/4  SEC 5 T37 R14
DRDOL 46T NE1/4 SE1/4  SEC 33 138 R14
DRDOL&GTT 37-42-30.0 108-01-42.0
DROOL48T 37-43-25.0 108-01-50.0
DRDOL4AOT 37-41-46.25 108-02-1.25
DRDOL50T 37-41-20 N 107-01-42.5 W
DRDOLS51T 37-38-28.5 N 108-02-7.5 W
DRDOLS2T 37-34-26 N 108-11-02 W
SEDIMENT STATIONS:

STATION LATITUDE LONGITUDE DESCRIPTION
D-1 37-46-37.5 N 107-58-43.7 W
D-10 37-35-17.5 N 108-21-08.75 W
D-N 37-28-28.75 N 108-30-09.63 W
D-12

D-13

D-14

D-15

D-16

D-2 37-41-20.0 N 108-01-42.5 W
0-3 37-43-25.0 N 108-01-50.0 W
D-4 37-41-46.25 N 108-02-01.25 W
D-5 37-42-01.25 N 108-01-42.5 W
D-6 37-38-28.5 N 108-02-07.5 W
D-7 37-39-53.75 N 108-02-30.0 W
D-8 37-39-38.7 N 108-02-37.5 W
D-9 37-38-31.25 N 108-02-07.5 W

Dolores River at the Montelores Bridge (DRDOLO8T)
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Project Manager Q

URS Consultants Inc.

1099 18th Street, Suite 700
Denver, Colorado 80202-1907

Dear Mr. Carr:

This responds to your letter of April 20, 1994, requesting information on
federally listed species in the Rico area. The following is a list of those
species which may inhabit the area, or be effected by the proposed project.

Be advised that the Fish and Wildlife Service (Service) can enter into formal
section 7 consultation only with another Federal agency or its designee.

Thus, this is not to be considered an "official species 1list" but rather
informal consultation. Informal consultation includes all contacts,
discussions, correspondence, etc. between the Federal agency or its designated
nonfederal representative, and the Service, that take place prior to the
initiation of any necessary formal consultation. If requested, we will submit
an official list to the lead Federal agency. That agency would be required
under section 7 (a) (2) of the Act to initiate formal consultation if it
determines that its action may affect any listed species or its critical
habitat. Although applicants may fill the role of nonfederal representatives,

the ultimate responsibility for compliance with section 7 remains with the
Federal agency.

FEDERALLY LISTED SPECIES

Bald eagle Haliaeetus leucocephalus
Peregrine falcon Falco peregrinus

Mexican spotted owl Strix occidentalis lucida
Colorado squawfish Ptychocheilus lucius
Humpback chub Gila cypha

Bonytail chub Gila elegans

Razorback sucker Xyrauchen texanus

We would Tike to bring to your attention species which are candidates for
official listing as threatened or endangered species (Federal Register, Vol.
56, No. 225, November 21, 1991). While these species presently have no legal
protection under the Endangered Species Act (Act), it is within the spirit of
the Act to consider project impacts to potentially sensitive candidate
species. Additionally, we wish to make you aware of the presence of Federal

oo, AL 881
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Page 2

candidates should any be proposed or listed prior to the time that all Federal
actions related to the project are completed.

FEDERAL CANDIDATE SPECIES

North American wolverine Gulo gulo luscus
Northern goshawk Accipiter gentilis
Flannelmouth sucker Catostomus latipinnis
Roundtail chub Gila robusta

The endangered and candidate fish species listed above do not occur in the
project area, however, we consider the depletion of water from the upper
Colorado River an adverse impact to the habitat for these species.
Consequently, any activity authorized by the Environmental Protection Agency
(EPA) that results in a net depletion of water Trom the upper Colorado River
basin should trigger a "may affect" finding by the EPA and formal consultation
with this office under authority of the Endangered Species Act.

We appreciate the opportunity to provide this information. If the Service can
be of further assistance, please contact Michael Tucker at the Tetterhead
address or (303) 243-2778.

Sincerely,

X

Keith L. Rose
Assistant Field Supervisor, Colorado

pc:  FWS/ES, Golden
CDOW, Montrose

MTucker:RicoSpl.ltr:052494




United States Department of the Interior

FISH AND WILDLIFE SERVICE
Ecological Services
Colorado Field Office
730 Simms Street, Suite 290
Golden, Colorado 80401

IN RETHEE RO Bpddies List
Mail Stop 65412 JUN 17 1994

Michael V. Carr, Project Manager
URS Consultants, Inc.

1099 18th Street, Suite 700
Denver, Colorado 80202-1907

Dear Mr. Carr:

In response to your letter dated April 20, 1993, the U.S. Fish
and Wildlife Service (Service) is providing the species list you
requested for the Brighton-Ft. Lupton Landfill located in Weld
County and the Rico-Argentine Mine located in Dolores County,
Colorado. The following list of threatened, endangered, and
candidate species should be helpful in your preparation of the
environmental assessment for the project sites. These comments
have been prepared under the provisions of the Endangered Species
Act of 1973 (ESA), as amended (16 U.S.C. 1531 et. seq.).

. The federally listed threatened and endangered species that could
occur at or visit the proposed sites are:
(Weld County = W; Dolores County = D)

Birds: Bald eagle, Haliaeetus leucocephalus, Endangered (W,D)
Whooping crane, Grus americana, Endangered (W)
Least tern, Sterna antillarium, Endandered (W)
Piping plover, Charadrius melodus, Threatened (W)
Southwestern willow flycatcher, Empidonax trailli
extimus, Proposed Endangered (D)
Mexican spotted owl, Strix occidentalis lucida,
Threatened (D)

Mammals: Black-footed ferret, Mustela nigripes, Endangered (W,D)

Plants: Ute ladies'-tresses orchid, Spiranthes diluvialis,
Threatened (W)

The Service also is interested in the protection of species which
are candidates for official listing as threatened or endangered
(Federal Register, Vol. 56, No. 225, November 21, 1991; Vol. 55,
No. 35, February 21, 1990). While these species presently have
no legal protection under the ESA, it is within the spirit of
this act to consider project impacts to potentially sensitive
candidate species. It is the intention of the Service to protect
. these species before human-related activities adversely impact

their habitat to a degree that they would need to be listed and,






